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ABSTRACT
NORTHERN RANGE EXTENSION, ABUNDANCE, AND DISTRIBUTION
OF PACIFIC COASTAL BOTTLENOSE DOLPHINS (Tursiops truncatus gilli)
IN MONTEREY BAY, CALIFORNIA.
by Daniela M. Feinholz
Pacific coastal bottlenose dolphins (Tursiops truncatus gilli) have apparently
moved to Monterey Bay as a result of a shift north of their known range. Between 1983 and 1993, 417
sightings were reported off central California. Eighty-four boat-based surveys, between October 1990 and
November 1993, resulted in the photo-identification of 68 uniquely marked individuals. School size ranged
between 2 and 35 animals (mean = 16.60, S.D. = 7.72). Forty-three (63%) of the dolphins identified were
previously photographed in the Southern California Bight before 1989. Jolly-Seber population estimates
indicated an increase in the Monterey Bay population from 1990 to 1993.
At least 13 of the photo-identified dolphins were present in Monterey Bay throughout the
study period. All but two of the calculated coefficients of association were  0.35, indicating a strong bond
among resident animals.
The occurrence of an El Niño from January 1992 to the end of 1993 may have affected the number
of animals present in the bay: mean school size was significantly greater during El Niño.
v"...The story of the dolphins begins with the creation of our people.
We were seeds from a magic plant, sown by the Earth Goddess Hutash.
She took care of us as her own children and watched us grow.
Her children grew numerous and the villages grew crowded and noisy.
The noise bothered Hutash, so she decided that some of the people
would go to the mainland to start new villages. Hutash made a bridge,
a beautiful rainbow bridge that stretched from the tallest mountain on this island
to the tallest mountain on the mainland. Hutash told the people to cross the rainbow
and fill the whole world with people. Many of the people made it safely across,
but a few became dizzy and fell toward the Earth. Hutash was watching
and she saw them tumble off the rainbow bridge and fall through the sky.
Faster and faster they dropped, falling with great speed toward the ocean.
Hutash did not want to see them drown. As they fell,
she carefully changed them into dolphins and they slipped into the water safely.
That is why the dolphins remain our friends and our brothers today...".
a Chumash Legend
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1INTRODUCTION
The study of free-ranging cetacean populations constitutes one of the major
challenges in the study of marine life. Proper management dictates that populations
should be maintained at a high level of genetic diversity, and it is important to define how
much variability exists within them. It also is important to determine basic information
such as population size, rate of increase and decrease, life history, distribution, movement
patterns, and genetics. Unfortunately, this information is incomplete for the majority of
cetacean species.
Since Monterey Bay was designated a National Marine Sanctuary in 1992, there
has been an increasing interest in obtaining information on cetaceans that inhabit its
waters. A study of coastal bottlenose dolphins in Monterey Bay is important in light of
their recent appearance in the area. Furthermore, bottlenose dolphins off California
constitute an example of a population living in an open coastal environment. Most of the
current knowledge on bottlenose dolphin ecology is based upon animals living in shallow,
enclosed, or protected watersheds (Shane et al. 1986). The purpose of this thesis is to
provide baseline information on bottlenose dolphins in Monterey Bay.
The wide distribution and abundance of bottlenose dolphins (Tursiops truncatus)
makes them natural candidates for developing field procedures applicable to other
species. Some longitudinal studies of bottlenose dolphins worldwide are in progress
(Wells et al. 1987, Connor et al. 1992, Wilson et al. 1994), but basic information for
many coastal populations, and virtually all offshore populations are not yet available.
In most areas where bottlenose dolphins have been studied, the presence of two
2eco-types has been recognized: a coastal and an offshore form (Caldwell and Caldwell
1972, Walker 1975, 1981, Leatherwood and Reeves 1983). These two forms are almost
indistinguishable in the field, but have striking differences in blood composition: i.e.
hemoglobin levels, packed cell volume, and red blood cell counts (Duffield et al. 1983).
The levels of these three factors are significantly greater in the offshore form, possibly
because of the physiological demands of deeper dives. In general, the coastal form seems
to be confined to lagoons, embayments, and shallow waters less than 20 meters in depth.
Dolphins near islands are considered to be the offshore form (Duffield et al. 1983). Along
the Pacific coast of North America, the coastal form is identified as Tursiops truncatus
gilli, and the off-shore form as Tursiops truncatus nuanu (Walker 1981, Duffield et al.
1983).
A number of range characteristics have been documented for coastal bottlenose
dolphins worldwide varying from temporary, seasonal, semi-permanent, and permanent
site fidelity (Caldwell 1955, Saayman et al. 1973, Würsig 1978, Shane 1980, Gruber
1981, Shane et al. 1986, Scott et al. 1988, Ballance 1990 and 1992, Würsig and Harris
1990, Kenney 1990, Wells et al. 1990, Wilson et al. 1993, Fertl 1994, Lynn 1995).
Longitudinal studies of bottlenose dolphins in Sarasota Bay, Florida (Wells 1978, Wells
et al. 1980, Irvine et al.1981, Wells 1986, Wells et al. 1987, Scott et al. 1990) provide
evidence of long-term site fidelity (at least 25 years) to an approximately 100 km2 area. A
similar situation was reported for coastal bottlenose dolphins in Western Australia
(Connor and Smolker 1985). In contrast, various reports exist of known individuals
photographed a significant distance away from the original identification site (Würsig and
3Würsig 1979, Grüber 1981, Wells et al. 1990, Würsig and Harris 1990, Jones 1991, and
Wilson et al. 1993). Bottlenose dolphins along the California coast are no exception to
this trend. Longitudinal studies in the Southern California Bight reported a temporal
variation in range characteristic showing a relatively high fidelity to the San Diego study
area during a two-year study (Hansen 1983 and 1990), and no long-term nor seasonal site
fidelity during a nine-year study (Hansen and Defran 1990).
During the present century coastal bottlenose dolphins have been absent from the
sighting record for the central California coast and northward (Wells et al. 1990). Based
on strandings, and natural history studies, the "normal range" for coastal bottlenose
dolphins in California was considered to be from Point Conception (33° 33.0' N)
southward, and sightings between Point Conception and Point Dume were considered
rare before 1982-83 (Hansen 1990). Historical records depict a rather different picture. A
bottlenose dolphin skull was collected in Monterey Bay in 1871 (Scammon 1874),
another, estimated to be 50-100 years old, was recovered in San Francisco Bay in 1958
(Orr 1963), and a third skull was dredged in Richmond, Contra Costa County, in 1980
(Szczepaniack pers. comm.) indicating the presence of this species in central California
waters in the past. Records unfortunately do not indicate whether this presence was due to
a temporary shift in range, or it was indicative of long-term residency.
The recent re-appearance of coastal bottlenose dolphins along the central
California coast, as far north as Monterey Bay was attributed to the 1982-83 El Niño
Southern Oscillation (ENSO) event (Wells et al. 1990). An El Niño Southern Oscillation
is an inter-annual perturbation of the climate system characterized by a periodic
4weakening of the trade winds and a warming of the surface layers in the equatorial Pacific
Ocean occurring approximately every 4 to 7 years. The impacts of ENSO are felt
worldwide through a disruption of the general atmospheric circulation and associated
global weather patterns. An ENSO also affects the ecosystem dynamics in the Pacific
Ocean, particularly the higher trophic levels of the food chain on which fisheries depend
(McPhaden 1993).
This kind of oceanographic phenomena was considered relevant in determining
shifts in abundance and distribution of bottlenose dolphins, as well as other marine
organisms along the California coast (Hansen 1990, Wells et al. 1990). The 1982-83
ENSO event was the strongest recorded for this century, and its beginnings could be
traced to May 1982 (Glantz 1984). It caused massive movements of traditionally warmer
water prey to northern latitudes (NOAA, 1992), and may have affected the dolphins
foraging efficiency, causing them to move further north.
Part of the current study was carried on while an ENSO event was occurring.
Warm sea surface temperature (SST) anomalies began to appear in the central and eastern
tropical Pacific in mid-1991 (NOAA, Coast Watch Bulletin, SW Regional Node, NMFS,
La Jolla, CA, McPhaden 1993).
Only indirect evidence of the effect of ENSO on the coastal dolphin population is
currently available (Wells et al. 1990). It is a difficult task to determine this effect directly
because variations in water temperature in the surf zone are generally strongly affected by
local circulation patterns. In addition, a straight correlation between number of dolphins
and water temperature would not be justifiable. To determine the ultimate effect of El
5Niño on the bottlenose dolphin population, long-term data from normal and El Niño
conditions versus distribution patterns of bottlenose dolphins along the California coast
are necessary. Therefore the opportunity to examine possible effects of ENSO phenomena
on the dynamics of a cetacean population in this study was limited, also because of the
limited amount of pre-ENSO data.
This study is based on these specific hypotheses:
1. coastal bottlenose dolphins are present year round north of Point Conception, and in
Monterey Bay in particular,
2. the northern shift in range, from the Southern California Bight to areas north of Point
Conception, includes areas north of Monterey Bay,
3. dolphins sighted in Monterey Bay belong to the same population found in the
Southern California Bight,
4. population size in Monterey Bay is increasing, and
5. some individuals use Monterey Bay as part of their “home range”.
6STUDY AREA
Monterey Bay (Fig. 1) is located along the central California coast, about 180 km
south of San Francisco. It is California's second largest bay, and one of the few major
bays along the entire Pacific coast of the United States. Another distinguishing
characteristic is the presence of the deepest and largest submarine canyon along the west
coast of North America. The bay is approximately 37 km long, north to south, and 16 km
wide, east to west (Breaker and Broenkow 1989). The biological importance of Monterey
Bay lies in its nutrient rich waters, which support extensive fish, invertebrate, seabird, and
marine mammal populations.
Numerous marine mammal species forage within the bay’s coastal strip. Among
them are the southern sea otter (Enhydra lutris nereis), the harbor seal (Phoca vitulina),
the California sea lion (Zalophus californianus), the harbor porpoise (Phocoena
phocoena), and the coastal bottlenose dolphin (Tursiops truncatus gilli; NOAA 1990).
Near-shore waters are generally highly productive, and constitute an important
spawning ground for coastal fishes. Few ichthyological studies include the surf zone in
Monterey Bay, probably because it is not exploited by commercial fishing activities.
Abundance and distribution of local fish species is, therefore, poorly understood.
Kukowski (1972) found the most abundant prey species present in the nearshore
environment of Monterey Bay were night smelt (Spirinchus starski), northern anchovy
(Engraulis mordax), white croacker (Genyonemus lineatus), spotfin surfperch
(Hyperprosopon anale), Pacific and speckled sandab (Citharichthys sordidus and C.
stigmaeus), and various species of sole.
7The study area for the current study (Fig. 1) stretched from Marina State Beach,
on the south side of the bay, to New Brighton Beach, on the north. The area covered
approximately 34.8 km along the coast to 1 km offshore. This distance from shore was
established arbitrarily based on the following information: a) despite the high
commercial, recreational (Black pers. comm., Ternullo pers. comm., Baldridge pers.
comm), and research vessel traffic year-round in Monterey Bay (Harvey et al. 1995), only
one sighting of bottlenose dolphins beyond 1.5 km was reported (Mason pers. comm.), b)
studies in the Southern California Bight (Hansen 1990, Hanson and Defran 1993)
supported the assumption that coastal bottlenose dolphins spent approximately 99 % of
their time within 1 km of shore.
The southernmost section of the bay, between Marina State Beach and Pacific
Grove, was excluded for logistic reasons: Ft. Ord military base was located between
Marina State Beach and the Seaside-Monterey area. Entry was forbidden to any non-
military craft within 5.6 km from shore. Circumnavigation of this area would have been
lengthy and impractical for a small boat.
To determine significance of sighting distribution each leg (north and south) of
the study area was subdivided into quadrates of equal size (3 nautical miles x 1 km)
designated by point of latitude intersecting the Monterey Bay coastline.
8As a result the study area was divided in 6 areas 3 nautical miles long:
1. Area 1 - 36 42.3’ N to 36 45.5’ N: including Marina to Monterey Dunes
2. Area 2 - 36 45.5’ N to 36 51.2’ N: including Monterey Dunes to Moss Landing
3. Area 3 - 36 48.3’ N to 36 51.2’ N: including Moss Landing to the Pajaro River,
4. Area 4 - 36 51.2’ N to 36 53.8’ N: including the Pajaro River to Sunset Beach,
5. Area 5 - 36 53.8’ N to 36 56.7’ N: including Sunset Beach to La Selva Beach,
6. Area 6 - 36 56.7’ N to 36 58.4’ N: including La Selva Beach to New Brighton
Beach.
The chosen study area accounted for 60 % of the coastal strip, and for
approximately 80 % of open sandy bottom coastline habitat in Monterey Bay. The
designated study area was divided into two legs : Moss Landing to Marina (southern leg,
13.3 km), and Moss Landing to New Brighton Beach (northern leg, 21.5 km). These
waters are characterized by high turbulence, low visibility, and strong background noise.
The sea floor is mostly uninterrupted sandy bottoms, 0 to 15 m deep. The surf zone is an
extremely variable environment, with winter storms affecting the near-shore circulation.
During the rainy season (January to March), the study area receives fresh water from the
Pajaro river, 5.2 km north of Moss Landing, and the Salinas River, 6.7 km north of the
city of Marina. These inputs induce salinity changes in the near-shore waters, and the
formation of extensive sand bars.
9Kelp forests are located at both ends of Monterey Bay, in the Monterey-Pacific
Grove area, and between New Brighton Beach and Santa Cruz. No kelp is found within
the study area except for occasional kelp floats removed by storms.
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MATERIALS AND METHODS
Sightings
Occasional reports of bottlenose dolphin sightings were collected from three main
sources: a) a sighting network for the central California coast, coordinated by Baldridge
since 1966 (Wells et al. 1990), b) a sighting network for Monterey Bay coordinated by
Feinholz since 1990, and c) a sighting network for the San Francisco Bay area
coordinated by Szczepaniack since 1983.
Data reported were qualitative because they were a result of opportunistic shore-
based sightings. Sighting effort was uneven along the coastline, effort being mainly in
areas with higher concentration of potential observers. Data pertaining to remote areas,
such as the Big Sur Coast and areas of cliffs north of Santa Cruz, were lacking.
Only reports from reliable observers, generally individuals known to be able to tell the
difference between bottlenose dolphins and other species of cetaceans were used. These
reports listed day, time, location of sighting, number of individuals, and number of calves
observed. Occasionally direction of travel and general behavior were noted.
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Survey Effort and Photo-Identification
Eighty-four boat-based surveys were conducted between October 1990 and
November 1993. Number of surveys varied greatly among years: 6 in 1990 (under the
direction of Tom Norris), 17 in 1991, 43 in 1992, and 18 in 1993. Boat-based surveys
were conducted aboard a 4.5-m Boston Whaler equipped with a 70 hp engine. All surveys
were conducted between 0600h and 1500h, because of weather patterns in Monterey Bay,
where strong winds from the northwest begin in the afternoon, increasing sea state. No
surveys were conducted when sea state was greater than Beaufort 3.
An attempt was made to survey the entire study area during each survey day (Fig.
1). Generally, only one leg per day was completed because of weather and/or time
restrictions. When both legs were sampled, the survey was defined as “complete”. If
dolphins were encountered, location, time, number of individuals, and age-class
composition (adult, calf) were recorded. Calves were identified by their relative size (< 1
m), coloration, presence of fetal folds, swimming patterns (such as frequently slapping
the water with the rostrum or “chin slap”), position relative to an adult, and association to
a particular individual (Weller 1991). Juveniles were difficult to identify at a distance,
therefore, no distinction was made on a visual basis.
To ensure all individuals in the school were observed, the boat was driven
approximately 1 km past the school before returning for the photo-identification effort.
Dolphins were approached at low speed, with the boat parallel to their direction of travel.
Dorsal fins were photographed using a Minolta 7000I 35-mm SLR camera equipped
with a 210-mm zoom lens. Black and white Ilford HP 5 or Kodak T-Max film (400 ASA)
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was used. During overcast conditions, film was exposed at a higher rating (1600 ASA)
and "push-processed" to allow increased depth of field and increased camera shutter
speed (Miles 1988, Mizroch and Bigg 1988).
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Matching Procedures
Through photo-identification, individual dolphins were recognized using
photographs of a series of notches and scar patterns on the trailing edge of their dorsal
fin. A detailed description of the tracing and matching procedure used in this study was
described in Defran et al. (1988). This procedure was followed without modifications.
After incorporating all unique dorsal fin profiles into the Monterey Bay data base,
animals photo-identified in Monterey Bay were compared with dolphins photographed
during 241 surveys in the Southern California Bight. These surveys were conducted
between 1981 and 1989, and 426 individuals were identified. These data are available at
the Cetacean Behavior Laboratory (CBL) at San Diego State University (SDSU), and
include dolphins sighted in Ensenada (Mexico), San Diego, Santa Barbara, and Orange
County. The same database also contains 11 bottlenose dolphins photographed in
Monterey Bay between November 1983 and January 1984 (Wells et al. 1990, Defran et
al. 1991, Scott et al. 1993). Matching among data-bases was possible because methods
were consistent.
To ensure each dolphin had an equal probability of being sighted, and that
matching errors were low, strict standards of photographic quality were maintained. Only
well marked dorsal fins with two or more notches were used. Only well lit and focused
photographs were selected, and photographs at an extreme angle were not used. Matches
were verified independently by three experienced reviewers, and only if all reviewers
were in agreement was the photograph used in the results.
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Population Estimates
Mark-recapture data obtained through photo-identification were used to generate
estimates of population size. The size of the identifiable population (Ñ = population
bearing marks), not the true population size (N) was estimated. Individuals bearing no
notches, and other young animals and calves were not included in the estimate. This
method, therefore, always underestimated the true population.
It was assumed that an animal was “captured” when photographed, “marked”
when recognized, and “recaptured” when photographed again. Because animals were not
being handled, or artificially marked, there were no tag losses, no mortalities due to
marking, and all animals "captured" were "released".
Bottlenose dolphins in Monterey Bay were regarded as belonging to an open
population, subject to the effects of birth, death, immigration, and emigration. For the
purpose of estimating population size, only surveys conducted between Moss Landing
and New Brighton beach were used, because this area was sampled thoroughly with
comparable effort. Although open population models do not require “demographic”
closure (movements in and out of the study area are allowed), they still assume
“geographic” closure (closure by a boundary which limits the population). Unless this
assumption is met, the area related to population size (Ñ) remains undefined, and has no
statistical meaning (White et al. 1982).
A critical assumption of any mark-recapture model is that animals do not lose
their marks during the sampling period. It has been demonstrated that patterns of notches
on the trailing edge of the dorsal fin are a reliable characteristic for identifying individual
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cetaceans, especially odontocetes (Hammond 1986, Hammond et al. 1990). Although
changes in these patterns are possible, this does not often prevent subsequent
identification (Lockyer and Morris 1988). Mark-recapture models further assume that all
marks are recorded correctly at each sampling occasion. By maintaining high standards
when matching individuals, most errors of this type can be avoided.
Because the equal probability of capture assumption in mark-recapture studies is
rarely obtained for animal populations, models were developed that allow for unequal
catchability (Otis et al. 1978). Such models are now available in a variety of computer
formats. In this study, the program JOLLY (Hines 1988) was used, which provides three
Jolly-Seber models (Seber 1982) for open populations. All three models were evaluated
to determine which one presented the most reliable results (Jolly 1965, Begon 1979,
Hammond 1986). Model A assumed time-specific survival rates and capture probabilities,
Model B assumed constant survival rates and time-specific capture probabilities, Model
D assumed constant survival rates and constant capture probabilities.
Population estimates were considered "reliable" if survival rates were less than or
equal to 1, and 95% confidence intervals were narrow. Data were analyzed using each
year as a single sample.
Site Fidelity
Two criteria were established to determine site fidelity (residency) patterns.
Animals were classified as “residents” of the study area if: 1) they had a sighting
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probability  0.30 (this value was chosen arbitrarily), and 2) they were present in the
study area in 1991, 1992 and 1993. All animals which did not meet these criteria were
classified as “transients”.
Sighting Probability
An effort was made during each survey to photograph all the marked animals
present, in order to obtain an identifiable picture of all marked individuals. Nonetheless,
the effectiveness of a photo-identification effort may vary among surveys. Some dolphins
may, for example, tend to avoid the boat and be, therefore, harder to photograph.
Environmental conditions such as glare, high surf, or wind may also contribute to
ineffective photographic effort. As a result, some marked animals that are “present” in a
school during a survey may not be identified, creating bias in the resight information. To
diminish the influence of this bias on the data analysis, only “satisfactory” surveys were
used to calculate dolphin sighting probabilities. A survey was defined as “satisfactory”
when at least 60% of the animals present in a school were identified. This value was
chosen arbitrarily and was based on the visual estimation that, in Monterey Bay
approximately 75% of the animals present in a school had identifiable marks.
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Sighting probability was calculated as:
p = Ns / Ss
where Ns is the number of times an individual was identified during “satisfactory”
surveys, and Ss is the number of “satisfactory” surveys (both partial and complete)
conducted starting from the first sighting of an individual.
Presence in the study area
Four months (Aug., Sep., Oct., Nov.) were sampled in 1991, 9 months in 1992
(Jan., Feb., Apr., May, Jun., Jul., Aug., Sep., Oct.), and 5 months in 1993 (Jun., Jul.,
Aug., Sep., Nov.). During 1990 only 2 months (Oct. and Dec.) were sampled. Such effort
was not considered sufficient to determine presence of an animal for that year.
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Social Structure and Association Patterns
Association coefficients described the frequency with which two individuals were
present in the same school at the same time (Weller 1991). Association coefficients were
chosen to describe the social structure of the photo-identified Monterey Bay population.
Coefficients were examined in detail only for dolphins that were seen during more than
one month. Association coefficients (Ka) between pairs of resident animals were
calculated using the formula:
Ka = 2J / (A + B),
where J is the number of joint sightings for a pair, and A and B are the number of total
sightings for each individual. Association coefficients can range from 0 for no
association, to 1 for individuals always observed together (Schaller 1972). Mean level of
association for each individual was calculated by adding all association coefficients for
that individual, then dividing by the number of associations.
Two individuals had an “association of significance” if the coefficient of
association for the pair was greater than one standard deviation above the mean level of
association of one or both individuals to the rest of the resident population (Heimlich-
Boran 1986). Furthermore, two kinds of association were used to analyze the social
structure : 1) a reciprocal association , where both individuals in the pair had an
“association of significance” with each other, and 2) a unilateral association , where only
one of the two individuals in the pair scored an “association of significance” with the
other animal in the pair (Heimlich-Boran 1986).
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Cluster analysis using the single linkage (nearest neighbor) method (Sneath 1966,
Legendre and Legendre 1983) was used to identify associated groups of individuals
within the population. These associations were represented by a dendrogram.
All animals photographed in close association with a calf in at least one survey
were classified as “probable mothers”. All available photographs of an individual were
analyzed for this purpose.
Because no reliable method to identify males was available through photo-
identification (bottlenose dolphins are not sexually dimorphic), interactions between
sexes could not be determined at this time, and all conclusions were based on the
presence/absence of females in the dataset.
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El Niño Effect
For the purpose of this study, El Niño was considered to be affecting Monterey
Bay when Sea Surface Temperature (SST) anomalies were present along the central
California coast. To determine when this occurred, the evolution of El Niño in northern
California was monitored through the NOAA Coastal Ocean Program, El Niño Watch
Advisory, which is updated monthly, and reports SST deviations from normal. According
to these reports, El Niño began affecting Monterey Bay in January 1992, with water
temperatures 1.6-3.2 °C above normal. By March 1992, SST anomalies reached a
maximum of 7.2 °C above the long-term average, and fluctuated between 3.6 and 7.2 °C
above normal throughout 1993 (NOAA, Coast Watch Bulletin, SW Regional Node,
NMFS, La Jolla, CA). Therefore, the period 1990/91 was pooled and considered non-El
Niño. ENSO included 1992 and 1993.
To test the general hypothesis ENSO conditions had an effect on bottlenose
dolphin distribution and abundance, three separate hypotheses were tested:
1. there was a difference in mean school size between normal and ENSO conditions,
2. there was a difference in mean rate of discovery of new marked dolphins between
normal and ENSO conditions,
3. population size increased or decreased during ENSO conditions.
The first two hypotheses were tested directly using non-parametric statistics and
the third was inferred using the results of the Jolly-Seber population estimates.
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RESULTS
Sightings
Between 1983 and 1993, 351 sightings of bottlenose dolphins were reported in
central California. Sightings (Fig. 2) were pooled by month, and subdivided by location
along the central California coast: (a) San Francisco to Santa Cruz: 28 sightings (2
sightings from Wells et al. 1990, Appendix A; 1 sighting from Feinholz, unpubl. data,
Appendix B; 25 sightings from Szczepaniack pers. comm., Appendix C), (b) Santa Cruz
to Monterey: 297 sightings (38 from Wells et al. 1990, Appendix A; 259 sightings from
Feinholz, unpubl. data, Appendix B), and (c) Monterey to Point Conception: 26 sightings
(24 from Wells et al. 1990; Appendix A; 2 sighting from Feinholz, unpubl. data,
Appendix B).
In this dataset, lack of sightings may reflect absence of bottlenose dolphins, but is
more likely lack of effort. In Monterey Bay, monitoring was continuous only during
1992-93, and this effort did result in year-round sightings (Fig. 2).
Bottlenose dolphins were found throughout the central California coast, and
sightings did not indicate seasonality or prevalence during a particular period. It is likely
that bottlenose dolphins were present year-round along the central California coast and
that the northern limit of their range was at least San Francisco.
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Survey Effort
Eighty-four boat-based surveys were conducted between October 1990 and
November 1993. Surveys were conducted during 20 months (6 of normal oceanographic
conditions and 14 of El Niño conditions). Sixteen surveys were complete, 68 were partial.
The northern leg was surveyed 77 times during which 60 sightings occurred (60 schools
of dolphins).The southern leg was surveyed 27 times during which 8 sightings occurred
(8 schools of dolphins). Dolphins were encountered on 66 (79 %) of the 84 surveys, and
68 schools were recorded.
Multiple schools were seen in only two occasions: during a complete survey on 19
May 1992, and during a complete survey on 25 May 1992 (Table 1). On each occasion
one school was encountered in the northern leg and one in the southern leg.
Dolphin sightings were distributed along the entire study area, but appeared more
abundant in the northern leg (Fig. 3). To determine if this result was biased by uneven
sampling (the northern leg was sampled more frequently because of weather patterns),
surveys conducted in the southern leg were compared with an equal number of randomly
picked surveys from the northern leg. Each leg was considered an independent sample,
and dolphin distribution was standardized to number of individuals per nautical mile.
Surveys where no dolphins were encountered also were included. The northern leg was
sampled 77 times, dolphins were encountered 60 times (78 %). The southern leg was
sampled 27 times, dolphins were encountered 8 times (30 %). The probability of finding
a school in the northern leg was twice that of the southern leg. Density was significantly
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greater in the northern leg (mean  S.D. = 1.10  0.87) than in the southern (mean  S.D.
= 0.65  1.22; U = 256; 0.002 < p  0.024).
The hypothesis that dolphins were equally distributed between Area 1 and 2 was
not rejected (2 = 0.5, p  0.1). Dolphin distribution among Area 3, 4, 5, and 6 was
unequal (2 = 9.949, 0.025 < p  0.1), being significantly higher in Area 3, and
significantly lower in Area 4 (Fig. 3 and Fig. 4).
Dolphins were observed during 13 of the 16 complete surveys. In addition, during
11 of the complete surveys dolphins were encountered only in the northern leg.
Dolphins were sighted traveling north and traveling south equally (30 %), but
were most often seen milling (40 %) (showing no directional movement). The frequencies
that these three patterns were observed were not significantly different (2 = 1.395, 0.25
< p  0.50).
School size was highly variable, and ranged from 2 to 35 animals (mean  S.D. =
16.60  7.72). Occurrence of school size categories was not equally distributed (2 =
23.84, p ‹ 0.001) with schools of 1 to 5, and 31 to 35 individuals less common than
expected (Fig. 5). The median and relative inter-quartile range (IQR) were chosen to best
represent the variation in school size (Fig. 6). Although school averages were slightly
larger in 1993 (mean  S.D.= 20.33  9.51) and smaller in 1991 (mean  S.D. = 14.36 
6.14), there was no significant difference in school size among years (Kruskal-Wallis, F =
1.852, p = 0.604). Seventy-four percent (73.53 %) of the schools contained calves.
Number of calves per school ranged from 1 to 5 (mean  S.D. = 1.49  1.28; Table 1).
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Photo-Identification
Photographs were taken during 51 surveys: 4 in 1990, 10 in 1991, 26 in 1992, and
10 in 1993 (Table 1). Photo-identification effort resulted in 1054 observations, an
observation being a single photograph (which may contain one or more individuals): 995
observations contained marked individuals, from which 68 different dolphins were
identified (16 in 1990, 9 in 1991, 17 in 1992, and 26 in 1993; Table 2). The remaining
observations (59) contained only unmarked animals, including calves. Assuming the
photographs are an unbiased sample of the population, approximately 94 % of the
population in Monterey Bay bore at least a recognizable mark. Not all marked animals
were recognizable. Fifty individuals (74 %) were sighted in multiple surveys, and their
sighting probability ranged from 0.02 to 0.75 (Table 2). Fifteen animals (22 %) were
observed only once: 2 in 1990, 1 in 1992, and 12 in 1993. It is unlikely that these
dolphins were in the area and were missed, because they bear very distinctive marks.
Once in the catalog, 7 of the dolphins photographed in 1992 and 1993 were seen several
times in 1994 (Feinholz unpubl. data), which indicates they may have recruited in the
population at the end of the study. Twenty-one new dolphins were identified during 6
surveys between August and September 1993. In particular, 10 animals were identified on
August 1, and 6 on September 7, 1993 (Table 2).
Previously unsighted but identifiable animals appeared at a mean rate of 1.12
(S.D. = 1.90) dolphins per survey throughout the study. There was no difference in rate of
discovery of new dolphins among years (ANOVA, F = 0.941, p = 0.404). October
through December ‘90 was too brief to detect any trends. Between August ‘91 and
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October ‘92, an abrupt increase in number of new animals occurred between March and
May, then the curve leveled off (Fig. 7). Between June and November ‘93, the number of
photo-identified animals continued to increase.
Of 17 animals photo-identified in the southern leg, all were also photographed in
the northern leg, suggesting there is no separate social units between northern and
southern Monterey Bay.
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Matching With Southern California Bight
Forty-three (61.5 %) of the dolphins identified in Monterey Bay were previously
photographed in the Southern California Bight (Table 2). Eighteen were observed only in
San Diego, 9 both in San Diego and in Orange County, six both in San Diego and Santa
Barbara, 2 only in Santa Barbara, and one in Santa Barbara and Orange county. Seven
dolphins were observed in all three Southern California Bight study areas (Fig. 8). Two
dolphins (# 024 and # 073) were observed also in Ensenada, Mexico: one was seen off
San Diego, and one was seen in San Diego and Orange county (Table 3).
There were few estimates of transit time between Monterey and San Diego. The
shortest transit time determined was for dolphin # 023, which was last seen in San Diego
on 27 April 1991, and was then photographed, 341 days later, in Monterey Bay on 3 April
1992.
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Population Estimates
Jolly-Seber Model A failed to estimate population in 1993, although estimates for
1992 (N = 54) are similar to Model B (N = 57) and Model D (N = 63). Model B estimates
a population of between 78 and 133 dolphins in 1993, whereas Model D estimates a
population of between 59 and 104 dolphins in 1993. In all three models, estimated
number of marked animals (M) was considerably lower than reality, which may indicate
an underestimation of the population. All three models predict an increase in population
size (Table 4). It is difficult to determine the accuracy of these predictions. Because of
consistently lower standard errors and generally narrower confidence intervals, Model B,
which assumed constant survival rates and time-specific capture probabilities, was more
precise, but no Goodness of Fit, which tests whether or not the model fits the dataset,
could be calculated for this model. Models A and D also produced a good fit (Model A:

2 = 3.36,  = 0.07; Model D: 2 = 8.24,  = 0.04).
Begon (1979) reported that the Jolly-Seber model is reliable for situations with
high recapture probabilities, which can be assumed to be true for this study. Bishop and
Sheppard (1973) concluded that Jolly-Seber models were appropriate with adequate
recapture rates and if constant survival rates can be assumed.
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Site Fidelity
Of the 51 surveys where photo-identification data were obtained, only 25 surveys
were “satisfactory”, and were used to calculate the sighting probability of the Monterey
Bay population (Table 5). Although 44 animals had a sighting probability  0.30, only 13
(# 001, # 002, # 005, # 006, # 009, # 010, # 011, # 013, # 014, # 015, # 016, # 017, and #
027) also met the other criteria for residency (Table 6).
Several animals appeared consistently throughout 1992, and animals
photographed in 1993 were also present during several months (Table 6). Of the photo-
identified animals very few were seen only sporadically, suggesting that once an animal
arrived in Monterey Bay, it either remained in the area for some time before leaving, or
that the bay was part of a larger range periodically visited by particular animals.
Two dolphins (# 007, # 021) may have been part of the resident population, but
did not meet the stringent criteria used. Dolphin # 007 was associated with 9 out of 10
resident animals, # 021 was associated with 7 out of 10 (Table 8). It is possible that these
animals were responding to the boat more than others, therefore, did not appear
consistently in the dataset.
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Social Structure and Association Patterns
Association coefficients were calculated for 50 animals (13 residents and 37
transients), that were seen during multiple months throughout the study period (Table 7).
The 2450 association coefficients generated ranged from 0.00 to 1.00, (mean = 0.17, S.D.
=  0.19). Mean level of association (for Ka  0) was 0.30 (S.D. = 0.17). Association
coefficients were not equally distributed (X2 = 1756.63, p < 0.001), no association (Ka =
0) being more common. Of the 1418 association coefficients with values greater than zero
(57.9 % of the total number of associations), 479 (34 %) were indicative of significant
associations: 146 “unilateral” and 333 “reciprocal”. Dolphins that had a greater number of
associates tended to have a lesser number of “significant” associations (Fig. 10). Mean
number of associates was significantly higher for residents (X = 39.30 ± 6.48) than for
transient (X = 25.15 ± 8.01; T = 5.85, p(T  t(1,o.o5)) = 0.00).
“Reciprocal” associations depicted the strongest bonds between individuals.
“Reciprocal” associations ranged between 1 and 12 per individual, most animals being
associated with 6, 7 or 9 others (Table 8, Fig. 11). The proportion of “reciprocal”
residents/resident associations versus residents/transient associations was not equally
distributed (X2 = 11.8, p < 0.001), resident dolphins tending to associate with other
residents. Only 36.6 % of the associations with resident animals were transients.
The single linkage (nearest neighbor) dendrogram generated by the association
coefficient matrix (Fig. 12) indicated that the entire population used in the analysis was
associated at some level, the lowest coefficient of association being 0.29, and the highest
being 1.00. Two somewhat distinct clusters were noticeable at Ka > 0.50. The first cluster
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contained 28 animals, 75 % of which were seen for the first time in 1990 and 1991, the
rest in 1992. This cluster also included all the residents. The second cluster was
composed of 12 individuals, 92 % of which were seen for the first time in 1993. The
remaining animals formed smaller clusters with lower levels of association with the main
two clusters. Dolphin # 008 and # 043 had both a reciprocal association, and an
association with the rest of the clusters of 0.29. These two animals were only seen in
1990 and were never re-photographed. Dolphin # 025 and # 064 had the strongest
association (c.a. = 1.00), but were only seen twice in 1993 and always together. The high
value in this case may be partly an effect of the low number of resightings.
Ten dolphins (# 002, # 005, # 006, # 011, # 017, # 039, # 040, # 071, # 073, #
078) were photographed with a calf in at least one survey, and were classified as
“probable mothers”. Because the proportion of dolphins for which sex was determined
was low (15 %), it was not possible to draw any conclusion about the relationship
between coefficient of association and sex of the animals.
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El Niño Effects
There was no significant difference in school size between non-El Niño (1990/91)
and El Niño periods (1992/93; Mann Whitney, U = 587.00, p = 0.686), and no difference
in mean rate of discovery of new dolphins, (Mann-Whitney, U = 222, p = 0.656). The
mean rate of discovery was 1.00 (SD = 1.73) in normal conditions, 1.16 (SD = 1.98)
during El Niño. Thirteen new dolphins were photo-identified during non-El Niño
conditions, 54 during El Niño. Three animals (# 008, # 020, and # 012) were seen only
before El Niño. Fifty-four animals were seen only during El Niño: 26 for multiple
months, 29 during a single month. The remaining 20 dolphins were sighted during both
periods.
Population size tended to increase throughout the study period (Table 4).
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DISCUSSION
Although sighting reports collected by occasional observers (Fig. 2) lack in
accuracy, being strongly dependent on chance, these reports are at least a preliminary way
to determine presence/absence patterns of bottlenose dolphins along the central
California coast and represent the minimum number of times this species was present in
the region for the past decade. With all its bias, this information suggests bottlenose
dolphins were present year-round along the central California coast since their first
sighting in 1983.
Because of a more consistent effort to collect sighting information during the
current study, sightings in Monterey Bay between 1991 and 1993 are greater in frequency
and range throughout the year (Fig. 2). It can be speculated that a similar effort during
previous years could have resulted in a higher number of sightings throughout the central
California coast.
Two strandings also occurred north of Monterey Bay: one in June 1990 near
Pacifica (37 48.3’ N), and one in May 1992 near Pigeon Point (37 10.9’ N,
Szczepaniack pers. comm.). Extraliminal events were also reported, with a bottlenose
dolphin stranding occurring in 1981 near Cape Mendocino (Szczepaniack pers. comm.),
and one occurring in Washington state in March of 1988 (Ferrero and Tsunoda 1989).
Based on all this information, the current northern known range limit for coastal
bottlenose dolphins in California includes at least areas south of San Francisco. Because
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of the lack of photo-identification records north of Monterey Bay, it is not clear whether
sightings of bottlenose dolphins at these locations were the result of occasional round-trip
movements of known individuals, or if separate social units were present on a consistent
basis this far north.
The southern range limit for this coastal population of bottlenose dolphins is still
unclear. We know that bottlenose dolphins occur all the way to South America
(Leatherwood and Reeves 1983), but subdivisions of genetic stocks have not been
determined. In a preliminary study of stranded animals, Curry and Dizon (1993) found no
genetic differences between coastal bottlenose dolphins from South America and
California . This indicated interbreeding may still be occurring, or separation of genetic
stocks may be relatively recent.
During the current study, dolphins were documented traveling at least 1,500 km,
approximately the distance between Ensenada, Mexico and Monterey Bay, which is the
longest documented distance traveled by an individual to date. Such observation suggests
an even wider overall range for the California coast population.
Defran et al. (1990) suggested that social exchange along the Pacific coast may
stop almost completely between San Diego and San Quentin, Mexico. This conclusion
was based on the fact that, despite a photographic record of 105 bottlenose dolphins in the
San Quentin study area, only one animal matched to the Southern California Bight
catalog. In comparison, 90% of the dolphins photographed slightly north, in Ensenada,
Mexico matched the Southern California Bight catalog (Defran and Weller 1995).
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Because at least 61.5 % of the dolphins identified in Monterey Bay were also
photographed in the Southern California Bight (Table 2 and Table 3), it is clear that
coastal bottlenose dolphins in California belong to the same population moving back and
forth between locations. Such back and forth movements were well recorded by Defran
and Weller (1989) for 120 coastal bottlenose dolphins in the Southern California Bight
between 1982 and 1989. During the current study, a large percentage of bottlenose
dolphins photographed in Orange County (92 %), Santa Barbara (88 %), and Ensenada
(88 %), were re-sighted off San Diego.
Longshore movement reversal data between Monterey Bay and the Southern
California Bight were not available during this study, but it can be speculated that the
patterns documented in the Southern California Bight extend to the entire range used by
these animals, and studies to prove this hypothesis are currently underway (Feinholz
unpubl. data).
During this study, recorded transit times indicated most dolphins traveled from
San Diego to Monterey Bay in approximately one year (Table 2). This finding depended
greatly on the timing between studies in the two areas. Wells et al. (1990) reported transit
times between San Diego and Monterey Bay of 66 to 74 days. According to these
authors, these data indicated that animals did not travel continuously between the two
areas. In-fact, the calculated average swimming speed for these transit times was
approximately 0.4 km/hr. Average swimming speeds documented for bottlenose dolphins
in other studies were much higher (6.1 km/hr, Würsig and Würsig 1979, and 2.1-2.7
km/hr, Tanaka 1987).
35
There is currently no data available on the periodicity with which individuals
travel within their range. This information would greatly enhance the chance of
understanding the ecological significance of these movements and their relationship to
food availability or temperature changes.
Based on the information presented, bottlenose dolphins off California are one of
the few examples of a continuous population occupying an extensive area of coastline
characterized by substantial differences in sea surface temperatures, where Point
Conception marks a shift in climatic conditions between central and southern California.
Three recognizable seasons occur within the California current system. These
seasons are as variable in intensity and duration as the terrestrial seasons. According to
the classification given by Bolin and Abbott (1963), an Oceanic Period occurs between
September and November, with greater SST averages, greater salinity, and lower
nutrients. A Davidson Current Period occurs from approximately November to March
with a drop in water temperatures and productivity, and an Upwelling Period occurs from
March to September. Upwelled water is typically high in nutrients and salinity, and low
in temperature and oxygen. These distinct periods may play a role in regulating the
number of bottlenose dolphins using an area by regulating prey availability.
Because the 1992-93 ENSO occurred while this study was underway, it was
impossible to characterize the role of these oceanographic seasons on dolphin distribution
and abundance. However, if temperature is a regulating factor of bottlenose dolphin
population dynamics, oceanographic phenomena such as an ENSO should enhance the
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effects of temperature changes on dolphin distribution and abundance patterns along the
coast.
The current study provided the first opportunity to monitor a bottlenose dolphin
population off central California during an ENSO phenomena. Nonetheless, conclusions
drawn from this dataset were limited, and should be considered with caution because of
the disproportionate amount of data available for the ENSO period versus the limited
number of surveys conducted before the event.
Based on Wells et al.’s (1990) hypothesis that bottlenose dolphins tend to move
north of their normal range during ENSO, an increase in number of animals using
Monterey Bay during the ENSO period was expected. This increase was expected to
affect at least one of the three variables being monitored during this study: school size,
rate of discovery of new marked individuals, and population size estimates. Of these three
variables only population trends using Jolly-Seber mark-recapture estimates, indicated an
increase in number of bottlenose dolphins present in Monterey Bay (Table 4). If this
increase in number was an effect of ENSO we should see a drop in population once non-
El Niño conditions return to the area. Some preliminary information was provided by 77
surveys conducted between March and October 1994 (ENSO period), and 50 surveys
conducted between April and November 1995 (normal conditions). Although data
analysis for these two years is not yet complete, data in 1994 showed a trend toward the
continuing increase in number of bottlenose dolphins photo-identified. Dolphins were
encountered 81% of the time and school size in 1994 was similar to the current study (X
= 13.83 ± 9.31). In 1995 bottlenose dolphin sightings declined dramatically and no
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dolphins were sighted in Monterey Bay from June to September (Feinholz, unpubl. data).
These findings suggested that long term monitoring of the Monterey Bay population
through ENSO and normal conditions may eventually support the hypothesis that ENSO
events affect dolphin distribution and abundance in this region.
Jolly-Seber estimates alone depicted a rather static, instead of a dynamic picture
of bottlenose dolphin population dynamics in Monterey Bay. It was interesting that,
despite the increase predicted by these estimates, school size in the bay was not
significantly different across years. Although the large number of incomplete surveys may
have biased the results by not detecting multiple schools present in the bay at the same
time (a school in the northern and one in the southern leg for example), data from the 16
complete surveys (multiple schools were encountered only twice) favored the hypothesis
that there was a higher probability of finding only one school in Monterey Bay at any one
time. These data suggested that school size during a survey was also a good estimate of
total number of dolphins present in the bay during that survey.
Survey to survey variability in school size, photo-identification data, and field
observations suggested a potential explanation for the apparent contradiction between
population size estimates depicting an increase in dolphins present in the bay and mean
school size depicting no increase. The potential explanation was a periodic influx and
efflux of animals to areas located either north or south of Monterey Bay.
School size was subject to variability. Although subject to bias because of
observer error, this variability suggested that influx and efflux of animals within a school
occurred consistently, sometimes on a daily basis. An example of this daily variation was
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presented in three consecutive surveys one May 6, 7, and 8, 1992 where school size
ranged from 25 to 18 to 30. During these three consecutive surveys the school was
encountered at the same location in the northern leg and 8-11 dolphins identified were the
same animals.
The photo-identification database increased approximately one animal per survey.
The rate of increase was the same for both non-El Niño and ENSO conditions (13 new
animals were added to the catalog during 14 surveys between 1990 and 1991, and 40
were added during 38 surveys between 1992 and 1993). Nonetheless, large numbers of
new animals were identified in a short time period in 1993, once more supporting the
influx/efflux hypothesis. On August 1, 1993 alone, for example, 14 new animals were
photographed, while 23 new animals were photographed in the period between August
and September 1993 (6 surveys).
The idea of intermixing is not new for bottlenose dolphin societies: Würsig and
Würsig (1979) proposed the idea of “fission-fusion society” to describe their findings in
Golfo San José, Argentina, another open coastal environment, during a 21 month study.
The authors described their groups of dolphins as dynamic units continually changing in
size and membership, and concluded that even “core” animals within a group may not
form a stable unit for periods exceeding 21 months. Ballance (1987, 1990), in her
research on bottlenose dolphins in Bahia Kino, Mexico, also described group composition
in her study area as dynamic, with individuals frequently intermixing within groups.
Bottlenose dolphins in Monterey Bay were found with higher frequency in the
northern leg of the study area, at least during the morning, when surveys were conducted.
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The northern portion of Monterey Bay may be a more ideal environment for bottlenose
dolphins. The shallow coastal shelf is more extensive than in the southern portion of the
bay (Fig. 1), and water temperatures are generally slightly warmer, because the prevailing
circulation patterns in Monterey Bay tend to push waters northward along the coast
(Broencow and Smethie 1978, Breaker and Broencow 1989). The northern area is also
more protected from the prevailing northwersterly wind and wave direction.
Distribution of bottlenose dolphins within the northern leg was unequal, animals
being found mainly in Area 3, located between the entrance of Moss Landing harbor and
Pajaro Dunes (Fig 3). An interesting feature of this particular stretch of coast is the
presence of the Pajaro river mouth. This river only meets the ocean during rainy periods,
which in Monterey Bay generally occur between January and April. It is at this time that
sediments carried by the river accumulate in the shallow waters off this area and build an
extensive sand bar. As a result, the wave patterns at this location are fairly irregular
throughout the year.
Reasons why bottlenose dolphins preferred this area can only be speculated
because of the lack of data available on prey distribution within the surf zone in Monterey
Bay. Dolphins may use these areas for feeding. In many occasions, dolphins were
observed from the boat while they moved back and forth in front of the river mouth in
approximately 1-2 meters of water. It is interesting to note that this behavior was also
observed when dolphins were encountered in front of the Salinas river mouth, a similar
area located in the southern leg of the study area.
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Bottlenose dolphins are known to be able to take advantage of any readily
available food source, and to adapt their feeding techniques to food type and local
conditions (Shane et al. 1986). Shallow-water fishing by trapping fish against the
shoreline, for example, has been documented in several papers (Hoese 1971, Hogan 1975,
Bel’kovich et al.1978). Hanson (1990) found coastal bottlenose dolphins off San Diego
fed more frequently in rocky and estuarine areas than in open sand areas. Ballance (1992)
found bottlenose dolphins in Bahia Kino, Mexico were concentrated in areas within 5.5
km from estuary mouths and that the animals used these areas to feed. Feeding in
estuarine areas has been widely documented (Gunter 1942, Barham et al. 1980, Gruber
1981, Schmidly 1981, Mead and Potter 1990).
Areas adjacent to river mouths in Monterey Bay may receive a high input of
nutrients from inland waters when the river mouth connection is open. These nutrients
may support greater primary and secondary production than adjacent areas. As a result,
fish may remain in these areas even when the connection with the river is severed.
Dolphins in Monterey Bay were also observed feeding beyond the surf break in
waters 6-10 meters deep. The most commonly occurring pattern observed in this
circumstance was a circular movement where small groups of 2 to 3 animals
cooperatively circled a school of fish and took turns with their foraging dives. Tail slaps
were frequently observed during these feeding bouts, and their function may be to keep
the school of fish in a tight ball in the middle of the feeding group of dolphins. Similar
feeding patterns were described by Tayler and Saayman (1972), Bel’kovich et al. (1978),
and Morozov (1970).
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Movement patterns within Monterey Bay indicated that, although dolphins used
the northern area preferentially, they also frequented the southern portion of the bay.
Although movement patterns were not studied in detail, schools were encountered
traveling north with the same frequency they traveled south.
When encountered schools were spread out along approximately one kilometer of
coastline. Milling behavior had two components, both components generally being
present at the same time within the school: one where animals were seen resting at the
surface or moving very slowly close to the shoreline, and a faster paced back and forth
movement which ranged a few hundred meters. It is possible that some milling behavior
was a response to the presence of the boat, although these patterns were also observed
through binoculars when the boat was at least 0.5 km from the school.
Photo-identification data indicated the existence of two separate “social units” in
Monterey Bay. A “resident unit”, composed of dolphins that used the bay throughout the
study period, and a “transient unit” of dolphins that were present only temporarily.
Among the “transient unit” were dolphins seen a few times and never photographed
again, and dolphins that were photographed late in the study and could have recruited into
the “resident unit” at a later date. The size of the study area did not allow determination
of whether other resident dolphin communities existed north and south of Monterey Bay.
Animals seen as “transients” in the bay may have resided in other adjacent areas that were
not sampled. Overlapping ranges have been found in many other geographical areas for
adjacent communities of bottlenose dolphins (Shane et al. 1986, Lynn 1995).
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Monterey Bay was apparently an important core area for at least 13 individuals
throughout the study. This number was probably conservative, because it was limited to
marked individuals and to the way I defined residency (animals with a weighted sighting
probability equal or greater than 0.35, and present in the study area throughout the study
period). The presence of these same individuals in the Southern California Bight during
previous years indicated that “residency” in Monterey Bay may have depended on the
time frame of this study.
Bottlenose dolphins along the California coast may not retain long-term fidelity to
a particular area for long periods, but may maintain a certain school structure through
time so that particular “social units” tend to move back and forth along the coast. Our
knowledge of the social structure of this population is still too superficial to further
explore this hypothesis. Preliminary information, nonetheless, showed that animals
photographed within the same school in Monterey Bay were also photographed on the
same day in the Southern California Bight (Table 2).
The analysis of association coefficients provides preliminary information about
group composition and stability. Shaller (1972) in a study of the Serengeti lion (Panthera
leo) considered an association coefficient of 0.40 to be indicative of a strong bond. In
Monterey Bay associations of 0.40 or greater were relatively frequent, and mean levels of
association were high (Table 5).
Average values for association coefficients in Monterey Bay were higher than
those found in Texas by Bräger et al. (1994), where 35 naturally marked bottlenose
dolphins in Galveston Bay, had a mean association of 0.13. In Sarasota Bay, Florida,
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Wells (1991) reported values of 0.31-0.56 for “female band” members, values of 0.45-
0.75 for strongly bonded adult males, and 0.08-0.10 for male-female affiliations. In Shark
Bay, Australia, Smolker et al. (1992), found associations of 0-0.20, and interpreted them
as indicative of inconsistent association. In San Diego, Weller (1991) found a lack of
long-term, high level associations. Such an observation is particularly interesting
considering that Weller’s data set included some of the same dolphins studied in
Monterey Bay. This contrast in results may have been an effect of the different time scale
of the photo-identification effort, which spanned 9 years with sampling interval in the
order of months in San Diego, while it included only 3 years with only a few days interval
between surveys in Monterey Bay.
Information gathered on the degree of association among individuals in Monterey
Bay referred only to associations within the same school. Visual observations showed that
schools in Monterey Bay were composed of several “sub-groups” ranging between 2 and
6 animals. Quantitative information on the nature of these sub-groups was not gathered
because their apparently stable structure became evident only later in the study. These
“sub-groups” were generally readily identifiable when the animals were traveling or
milling, but they tended to fuse and intermix during feeding and socializing bouts. Calves
were generally found within the same “sub-group”, which traveled either in the front or in
the back of the school. Observations such as these suggested that “sub-groups” could be
segregated by sex, age or reproductive status. In Sarasota Bay, Florida (Wells et al. 1980)
associations between immature and adult animals do occur, but age segregation appears
to be the general rule.
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Because of the lack of information regarding the sex of most of the animals
identified, it was not possible to draw any correlation between association coefficients
and sex. More detailed information about the sex and genetic relationships of these
individuals is necessary to further understand the structure of these groups. At least three
(30%) of the resident animals were determined to be “probable” females.
High cohesion among females and a greater degree of site fidelity has been
demonstrated by Wells et al. (1980) in Sarasota, Florida.
A continued long-term sampling of the Monterey population should address
association coefficients within the “sub-group” structure, include genetic and behavioral
sampling, and incorporate information on prey distribution and abundance within the surf
zone.
Future studies of the Monterey Bay population should also be integrated within a
more comprehensive study of the California coast to determine areas of intermixing
between Central and Southern California. A more comprehensive data-base, including
several El Niño and non-El Niño period will provide an opportunity to better evaluate the
effects of ENSO phenomena on dolphin distribution and abundance.
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Table 1 - Summary of Monterey Bay boat-based surveys conducted between October
1990 and November 1993 indicating date, sighting number, time of sighting, location of
sighting, leg surveyed (north: N, south: S, complete: C) number of adults and calves
counted, and direction of travel at the time dolphins were encountered (traveling north: N,
traveling south: S, milling: M). Photo-identification data were collected in 51 surveys (*).
Two separate surveys were conducted on September 18, 1992 (**).
Date Sighting # Time Location Leg # Adults /
Calves
Direction
of Travel
1990
* 9 Oct A 0735 Pajaro Dunes N 14/1 M
* 11 Oct B 0915 New Brighton N 15/0 M
14 Oct - - - N - -
20 Oct - - - N - -
* 1 Dec C 1130 Zmudowski N 30/0 M
* 8 Dec D 0915 Rio del Mar C 3/1 N
1991
6 Jan E 1040 Zmudowski N 20/0 M
6 Jul - - - N - -
9 Jul - - - N - -
13 Jul - - - N - -
* 30 Aug 1 1035 Marina S 13/1 M
* 6 Sep 2 0836 Salinas River S 14/1 S
* 27 Sep 3 1149 Moss Landing C 2/0 N
* 4 Oct 4 1100 Monterey Dunes S 12/2 S
* 11 Oct 5 1122 La Selva N/S 15/2 M
* 18 Oct 6 1015 New Brighton N 13/2 N
* 25 Oct 7 1055 Rio del Mar C 14/2 M
* 31 Oct 8 1415 Sand Plant S 6/2 S
* 1 Nov 9 1022 New Brighton C 22/2 N
* 15 Nov 10 1100 Pajaro River N 9/0 M
4 Dec - - - C - -
14 Dec - - - N - -
20 Dec - - - S - -
1992
6 Jan - - - N - -
* 10 Jan 11 0919 Manresa N 8/0 M
7 Feb - - - C - -
* 25 Feb 12 0944 Rio del Mar N/S 7/1 S
27 Feb - - - C - -
10 Mar - - - N - -
13 Mar - - - N - -
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Table 1 - continued
Date Sighting # Time Location Leg # Adults /
Calves
Direction
of Travel
* 3 Apr 13 0940 Pajaro Dunes N 13/2 M
* 10 Apr 14 0940 Pajaro River N 5/1 S
* 24 Apr 15 1230 Santa Cruz N 20/0 N
* 28 Apr 16 0745 Pajaro River N 13/3 S
* 6 May 17 0940 Manresa N 23/2 S
* 7 May 18 0942 Rio del Mar N 18/2 S
* 8 May 19 0907 Rio del Mar N 33/2 N
* 19 May 20 0842
1003
1. Potrero
2. Pajaro River
C 1. 30/0
2. 11/4
S
N
* 25 May 21 0836
0912
1. Potrero
2.Pajaro River
C 1. 10/0
2. 21/3
M
N
* 12 Jun 22 0855 Salinas River C 27/3 N
* 22 Jun 23 0850 Sunset Beach C 19/5 S
* 23 Jun 24 0830 Sunset Beach C 19/4 S
* 24 Jun 25 0803 Pajaro River N 17/3 S
7 Jul 26 0830 Salinas River S 6/0 M
9 Jul 27 0759 Rio del Mar N 18/3 N
* 21 Jul 28 1017 New Brighton C 23/3 S
* 22 Jul 29 0913 Rio del Mar N 10/2 S
* 31 Jul 30 0730 Pajaro River N 20/2 -
11 Aug 31 0944 Pajaro River N 13/1 N
* 25 Aug 32 1026 New Brighton N 18/2 S
28 Aug 33 1315 Myhouse N 10/0 N
* 1 Sep 34 0957 Manresa N 6/1 N
* 4 Sep 35 0930 Pajaro River N 9/1 M
11 Sep 36 1021 Pajaro river C 18/1 N
11 Sep 37 1454 Sunset Beach N 7/0 N
15 Sep 38 0950 Pajaro River N 6/2 M
18 Sep - - - N - -
18 Sep 39 0912 Pajaro River N 15/1 M
* 22 Sep 40 1148 La Selva N 9/1 M
* 29 Sep 41 0930 Sunset N 22/0 S
30 Sep 42 0938 Moss Landing N 5/0 N
* 6 Oct 43 1000 Manresa N 5/2 N
* 9 Oct 44 0944 Sunset C 12/3 N
* 16 Oct 45 1130 New Brighton C 21/0 M
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Table 1 - continued
Date Sighting # Time Location Leg # Adults /
Calves
Direction
of Travel
13 Nov 46 1000 Moss Landing N/S 10/0 S
23 Dec - - - N - -
1993
* 25 Jun 47 0901 Manresa N 12/2 S
1 Jul - - - S - -
* 12 Jul 48 0950 Pajaro River N/S 9/1 M
* 16 Jul 49 0928 La Selva N 25/2 M
* 1 Aug 50 0936 Myhouse N 31/4 M
* 6 Aug 51 0935 Moss Landing N 14/1 S
* 7 Aug 52 1051 Myhouse N 9/1 M
14 Aug 53 1010 Pajaro River N 8/0 M
* 31 Aug 54 1000 Rio del Mar N 27/3 S
3 Sep - - - N - -
* 7 Sep 55 1040 La Selva N 29/1 N
14 Sep 56 Myhouse N 20/5 M
* 21 Sep 57 Manresa N 20/2 N
3 Nov - - - N - -
4 Nov 58 0825 Sunset N 14/0 M
* 21 Nov 59 0900 Myhouse N 21/4 M
25 Nov 60 0935 Pajaro River N 10/0 M
26 Nov 61 0935 Myhouse N 18/2 M
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Table 2 - Sighting history of distinctively marked bottlenose dolphins photo-identified in
Monterey Bay. Each dolphin is identified by catalog number, minimum age (calculated
as the interval between the first sighting in the Southern California Bight and the last
sighting in Monterey Bay), and sex (F = female, M = male). Animals whose age could not
be determined were considered adults (A). Date of first sighting in Monterey Bay (MB),
and date of first and last sighting in the Southern California Bight (SCB)are indicated.
Cat. # Age Sex First in MB First in
SCB
Last in
SCB
001 6+ 9 Oct 90 18 Jun 88 18 Jun 88
002 11+ F 9 Oct 90 18 Jul 83 20 Jun 87
003 7+ 9 Oct 90 23 May 87 20 Jun 87
005 12+ F 9 Oct 90 2 Aug 82 20 Jun 87
006 10+ F 9 Oct 90 15 Jun 84 6 Jun 89
011 9+ F 9 Oct 90 15 Feb 85 8 May 88
020 8+ 9 Oct 90 20 Apr 86 29 Jul 89
021 9+ 9 Oct 90 8 May 85 4 Mar 89
027 6+ 9 Oct 90 21 May 88 25 Jun 89
034 13+ 9 Oct 90 1 Nov 81 30 Apr 82
038 7+ 9 Oct 90 19 Jul 87 8 Apr 89
043 10+ 9 Oct 90 13 Jul 84 13 Jul 84
008 13+ 11 Oct 90 23 Oct 81 27 Jul 84
017 11+ F 11 Oct 90 31 Jul 83 20 Jun 87
015 4+ 1 Dec 90 - -
054 6+ 1 Dec 90 31 Dec 88 29 Jul 89
007 13+ 30 Aug 91 20 Nov 81 10 Jun 89
019 3+ 30 Aug 91 - -
010 A 6 Sep 91 - -
012 A 6 Sep 91 - -
013 11+ 6 Sep 91 13 Dec 83 10 Jun 89
014 7+ 6 Sep 91 20 Jun 87 20 Jun 87
016 3+ 6 Sep 91 - -
022 3+ 6 Sep 91 - -
009 A 4 Oct 91 - -
023 7+ 3 Apr 92 22 Aug 87 27 Apr 91
041 13+ 10 Apr 92 20 Nov 81 28 Oct 89
051 12+ 10 Apr 92 4 Nov 82 26 Aug 89
042 2+ 24 Apr 92 - -
057 12+ 24 Apr 92 30 Apr 82 28 Oct 89
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Table 2 - continued
Cat. # Age Sex First in MB First in
SCB
Last in
SCB
030 12+ 28 Apr 92 4 Nov 82 24 Feb 91
039 2+ F 28 Apr 92 - -
040 2+ F 6 May 92 - -
044 10+ 6 May 92 26 Nov 84 6 Jun 89
045 10+ 6 May 92 26 Nov 84 27 Apr 91
049 10+ 6 May 92 13 Feb 84 16 Dec 89
037 2+ 7 May 92 - -
028 7+ 8 May 92 8 May 87 27 Apr 91
018 11+ 25 May 92 7 Aug 83 29 Jul 89
047 12+ 25 May 92 29 Jun 82 23 May 87
048 2+ 21 Jul 92 - -
053 2+ 22 Sep 92 - -
032 12+ 25 Jun 93 29 Oct 82 25 Jun 89
035 10+ 25 Jun 93 20 Jul 84 27 Apr 91
062 A 25 Jun 93 - -
024 9+ 12 Jul 93 6 Feb 85 18 Jun 88
004 A 1 Aug 93 - -
033 6+ 1 Aug 93 31 Dec 88 31 Dec 88
036 11+ 1 Aug 93 7 Aug 83 20 Jun 89
056 A 1 Aug 93 - -
067 A 1 Aug 93 - -
068 A 1 Aug 93 - -
071 12+ F 1 Aug 93 30 Apr 82 30 Apr 82
072 13+ 1 Aug 93 23 Oct 81 28 Oct 89
073 9+ F 1 Aug 93 6 Jul 85 27 Apr 91
095 A 1 Aug 93 - -
070 A 6 Aug 93 - -
052 A 7 Aug 93 - -
096 7+ 31 Aug 93 19 Jul 87 17 Nov 89
025 A 7 Sep 93 - -
060 A 7 Sep 93 - -
064 6+ 7 Sep 93 20 Feb 88 27 Aug 89
065 6+ 7 Sep 93 6 Feb 88 27 Apr 91
069 A 7 Sep 93 - -
078 A F 7 Sep 93 - -
026 12+ 21 Sep 93 2 Aug 82 28 Oct 89
031 7+ 21 Sep 93 20 Jun 87 24 Feb 91
097 12+ 21 Nov 93 30 Apr 82 27 Apr 91
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Table 3 - Summary of presence/absence patterns (1981-1993) in Monterey Bay and the
Southern California Bight for all dolphins photo-identified in Monterey Bay. Animals
were classified as residents of Monterey Bay during the study period using the following
criteria: their sighting probability was > 0.40, and they were seen in 1990/91, 1992, and
1993. The initials correspond to the study area where the animals was seen. MB =
Monterey Bay, SD = San Diego, OC = Orange County, SB = Santa Barbara, EN =
Ensenada, Mexico. The * indicates resident dolphins.
Cat # ‘81 ‘82 ‘83 ‘84 ‘85 ‘86 ‘87 ‘88 ‘89 ‘90 ‘91 ‘92 ‘93
004 - - - - - - - - - - - - MB
009* - - - - - - - - - - MB MB MB
010* - - - - - - - - - - MB MB MB
012 - - - - - - - - - - MB - -
015* - - - - - - - - - MB MB MB MB
016* - - - - - - - - - - MB MB MB
019 - - - - - - - - - - MB MB -
022 - - - - - - - - - - MB MB -
025 - - - - - - - - - - - - MB
037 - - - - - - - - - - - MB -
039 - - - - - - - - - - - MB MB
040 - - - - - - - - - - - MB -
042 - - - - - - - - - - - MB -
043 - - - - - - - - - - - MB -
052 - - - - - - - - - - - - MB
053 - - - - - - - - - - - MB MB
056 - - - - - - - - - - - - MB
060 - - - - - - - - - - - - MB
062 - - - - - - - - - - - - MB
067 - - - - - - - - - - - - MB
068 - - - - - - - - - - - - MB
069 - - - - - - - - - - - - MB
070 - - - - - - - - - - - - MB
073 - - - - - - - - - - - - MB
095 - - - - - - - - - - - - MB
001* - - - - - - - SD - MB MB MB MB
002* - - OC - OC
SD
- SB - - MB MB MB MB
003 - - - - - - SB - - MB MB - MB
005* - SD - SD - - SB - - MB MB MB MB
006* - - - SD - - SD
SB
SD
OC
SD
SB MB MB MB MB
007 SD - SD SD SD - - SD - - MB MB MB
008 SD SD - OC
SD
- - - - - MB MB - -
011* - - - - SD
OC
- - SD - MB MB MB MB
013* - - OC - SD - - SD - - MB MB MB
59
Table 3 - continued
Cat # ‘81 ‘82 ‘83 ‘84 ‘85 ‘86 ‘87 ‘88 ‘89 ‘90 ‘91 ‘92 ‘93
014* - - - - - - SB - - - MB MB MB
017* - - OC - - - SB - - MB MB MB MB
018 - - OC SD
OC
- - - SD SD - - MB -
020 - - - - - SD - - SD MB MB - -
021 - - - - SD SD - SD SD MB MB MB -
023 - - - - - - SD SD SB
SD
- - MB MB
024 - - - - SD
EN
SD
- - SD - - - - MB
026 - SD - - - - - SD SD - - - MB
027* - - - - - - - SD SD MB MB MB MB
028 - - - - - - SD SD SD - SD MB -
030 - SD SD - - - - SD SD - SD MB -
031 - - - - - - SB SD SD SD SD - MB
032 - OC - - SD - SD SD SB
SD
- - - MB
033 - - - - - - - SD - - - - MB
034 SD SD - - - - - - - MB - - -
035 - - - SD - - - - SD - SD - MB
036 - - OC SD - - - SD SB - - - MB
038 - - - - - - SD - SD MB - MB MB
041 SD SD OC OC SD SD - SD SD - - MB -
043 - - - SD - - - - - MB - MB -
044 - - - SD - - - SD SB - - MB -
045 - - - SD SD - SD SD SD - SD MB MB
047 - SD SD - - - SB - - - - MB -
049 - - - SD SD - SD SD SD - - MB -
051 - SD SD
OC
- - - SD SD SD - - MB MB
054 - - - - - - - SD SD MB - - -
057 - SD - - SD - SB SD SD - - MB MB
064 - - - - - - - SD OC - - - MB
065 - - - - - - - SD
OC
SD
SD
OC
- SD - MB
072 SD SD - - SD OC SB SD SD - - - MB
073 - - - - EN - - SD SD - SD - MB
096 - - - - - - SD SD SB
SD
- - - MB
097 - SD - SD OC - - SD SB
SD
- SD - MB
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Table 4 - Summary of results from Jolly-Seber mark-recapture estimates for open
populations of bottlenose dolphins in Monterey Bay, using Model A, B, and D, as
calculated by Program JOLLY (Hines 1988). Model A assumed time-specific survival
rates (phi) and capture probabilities (p); Model D assumed constant survival rates and
capture probabilities, and Model B assumed constant survival rates and time-specific
capture probabilities. M is the estimated number of animals marked. N is the estimated
population size, and B is the number of animals joining the population. The standard
error (S.E.) and the 95% conficence interval (95% C.I.) are reported for each estimated
variable.
Model A Model B Model D
PHI S.E. 95% C.I. PHI S.E. 95% C.I. PHI S.E. 95% C.I.
1990 1 0.1 0.9-1.1 0.98 0.1 0.9-1.1 0.95 0.1 0.8-1.1
1991 0.9 0.1 0.7-1.2 0.98 0.1 0.9-1.1 0.95 0.1 0.8-1.1
1992 - - - 0.98 0.1 0.9-1.1 0.95 0.1 0.8-1.1
1993 - - - 0.98 0.1 0.9-1.1 0.95 0.1 0.8-1.1
M S.E. 95% C.I. M S.E. 95% C.I. M S.E. 95% C.I.
1990 - - - - - - - - -
1991 16.8 1.2 14.6-19.1 16.8 0.9 15.1-18.5 17.3 1.2 14.9-19.7
1992 25.1 2.8 19.7-30.6 25.7 2.4 21.0-30.4 26.1 2.7 20.8-31.4
1993 - - - 47.9 4.9 38.3-57.6 37.0 5.5 26.2-47.8
N S.E. 95% C.I. N S.E. 95% C.I. N S.E. 95% C.I.
1990 - - - - - - - - -
1991 30 3.5 22.9-36.7 30.7 2.6 25.6-35.8 33.4 4.3 25.0-41.8
1992 54.1 7.3 39.8-68.3 57.2 6.3 44.9-69.5 63.1 8.4 46.6-79.6
1993 - - - 106.3 14.1 78.7-133.8 82.1 11.4 59.7-104.4
p S.E. 95% CI. p S.E. 95% C.I. p S.E. 95% C.I.
1990 - - - - - - 0.62 0.1 0.5-0.8
1991 0.8 0.1 0.5-0.95 0.7 0.1 0.5-0.9 0.62 0.1 0.5-0.8
1992 0.8 0.1 0.5-1.0 0.7 0.1 0.5-0.9 0.62 0.1 0.5-0.8
1993 - - - 0.5 0.1 0.3-0.7 0.62 0.1 0.5-0.8
B S.E. 95% C.I. B S.E. 95% C.I. B S.E. 95% C.I.
1990 - - - - - - - - -
1991 26.2 5.9 14.7-37.7 27.7 6.3 15.4-40.0 31.3 6.2 19.1-43.4
1992 26.2 - - 50.0 13.2 24.1-75.9 31.8 7.0 18.1-45.5
1993 - - - - - - - - -
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Table 5 - Summary of photo-identification effort in Monterey Bay between 1990 and
1993. “Satisfactory” surveys, indicated by *, were used to calculate sighting probabilities.
A = number of adult bottlenose dolphins counted (marked and unmarked individuals), P
= number of animals photo-identified, and r = P / A.
Date A P r Date A P r
1990 1992
9-Oct 14 12 0.86* 22-Jun 19 15 0.79*
11-Oct 15 6 0.40 23-Jun 19 7 0.37
1-Dec 30 13 0.43 24-Jun 17 3 0.18
8-Dec 3 3 1.00* 9-Jul 18 6 0.33
1991 21-Jul 23 19 0.83*
30-Aug 13 8 0.62* 22-Jul 10 1 0.10
6-Sep 14 12 0.86* 31-Jul 20 3 0.15
27-Sep 2 2 1.00* 25-Aug 18 9 0.50
4-Oct 12 12 1.00* 1-Sep 6 6 1.00*
11-Oct 15 15 1.00* 4-Sep 9 3 0.33
18-Oct 13 12 0.92* 22-Sep 9 9 1.00*
25-Oct 14 14 1.00* 29-Sep 22 9 0.41
31-Oct 6 4 0.67* 6-Oct 5 2 0.40
1-Nov 22 16 0.73* 9-Oct 12 7 0.58
15-Nov 9 5 0.56 16-Oct 21 7 0.33
1992 1993
10-Jan 8 4 0.50 25-Jun 12 10 0.83*
25-Feb 7 6 0.86* 12-Jul 9 2 0.22
3-Apr 13 3 0.23 16-Jul 25 10 0.40
10-Apr 5 3 0.60* 1-Aug 31 24 0.77*
24-Apr 20 3 0.15 6-Aug 14 6 0.43
28-Apr 13 6 0.46 7-Aug 9 2 0.22
6-May 23 15 0.65* 31-Aug 27 3 0.11
7-May 18 15 0.83* 7-Sep 29 13 0.45
8-May 33 18 0.55 21-Sep 20 12 0.60*
19-May 30 16 0.53 21-Nov 21 16 0.76
25-May 21 21 1.00* 25-Nov 10 6 0.60*
12-Jun 27 18 0.67*
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Table 6 - Summary of sighting probabilities and monthly presence/absence patterns for
bottlenose dolphins photo-identified in Monterey Bay between 1991 and 1993. Such
information was used to characterize animals as “residents” (*) or “transients”.
1991 1992 1993
Cat. # p A S O N J F A M J J A S O J J A S N
014 0.72*           
002 0.71*               
001 0.63*             
005 0.54*            
017 0.52*        
015 0.52*            
013 0.45*       
016 0.45*        
010 0.41*           
009 0.40*     
006 0.37*       
027 0.37*          
011 0.33*       
020 0.29  
008 0.09  
012 0.27   
019 0.17     
021 0.50         
022 0.36      
007 0.35        
003 0.21     
042 0.58      
040 0.58     
037 0.45     
047 0.40     
018 0.10 
049 0.08 
028 0.30   
044 0.25 
030 0.17     
048 0.14  
043 0.08 
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Table 6 - continue
1991 1992 1993
Cat. # p A S O N J F A M J J A S O J J A S N
038 0.29        
053 0.40   
023 0.38        
057 0.17   
041 0.15   
039 0.17     
051 0.15  
045 0.33  
097 1.00 
024 0.67    
033 0.67  
032 0.50  
035 0.50   
062 0.50   
078 0.50 
004 0.33 
036 0.33 
056 0.67  
071 0.67  
067 0.33 
068 0.33  
072 0.33  
073 0.33 
026 0.50 
031 0.50 
095 0.33 
064 0.33  
065 0.33  
069 - 
070 -  
052 - 
096 - 
025 -  
060 - 
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Table 7 - Coefficients of association were calculated for dolphins seen during more than
one month between October 1990 and November 1993. Dolphins are identified by catalog
number. The mean coefficient of association for each dolphin, and respective Standard
Deviation are indicated in the last two rows.
Dolphin 001 - 013
Cat. # 001 002 003 005 006 007 008 009 010 011 012 013
001 0.57 0.39 0.62 0.44 0.49 0.15 0.40 0.37 0.53 0.32 0.59
002 0.57 0.33 0.64 0.34 0.48 0.06 0.40 0.42 0.51 0.11 0.43
003 0.39 0.33 0.36 0.53 0.10 0.20 0.11 0.29 0.19 0.14 0.20
005 0.62 0.64 0.36 0.48 0.65 0.08 0.38 0.40 0.63 0.29 0.59
006 0.44 0.34 0.53 0.48 0.40 0.13 0.35 0.38 0.23 0.53 0.40
007 0.49 0.48 0.10 0.65 0.40 0.13 0.50 0.59 0.22 0.40 0.69
008 0.15 0.06 0.20 0.08 0.13 0.13 0.00 0.00 0.00 0.00 0.00
009 0.40 0.40 0.11 0.38 0.35 0.50 0.00 0.40 0.24 0.33 0.58
010 0.37 0.42 0.29 0.40 0.38 0.59 0.00 0.40 0.14 0.48 0.52
011 0.53 0.51 0.19 0.63 0.23 0.22 0.00 0.24 0.14 0.10 0.30
012 0.32 0.11 0.14 0.29 0.53 0.40 0.00 0.33 0.48 0.10 0.50
013 0.59 0.43 0.20 0.59 0.40 0.69 0.00 0.58 0.52 0.30 0.50
014 0.58 0.56 0.21 0.52 0.48 0.47 0.00 0.48 0.44 0.40 0.48 0.59
015 0.38 0.51 0.32 0.46 0.33 0.45 0.00 0.48 0.56 0.25 0.48 0.52
016 0.46 0.45 0.09 0.50 0.37 0.57 0.00 0.69 0.41 0.34 0.55 0.50
017 0.57 0.55 0.24 0.62 0.47 0.52 0.10 0.55 0.44 0.50 0.40 0.71
019 0.26 0.28 0.14 0.29 0.32 0.20 0.20 0.33 0.00 0.29 0.00 0.20
020 0.31 0.22 0.53 0.34 0.60 0.19 0.00 0.32 0.45 0.27 0.67 0.48
021 0.47 0.54 0.23 0.55 0.52 0.38 0.18 0.53 0.30 0.48 0.31 0.50
022 0.29 0.31 0.24 0.45 0.45 0.43 0.00 0.38 0.50 0.33 0.59 0.52
023 0.28 0.40 0.43 0.25 0.08 0.24 0.00 0.61 0.08 0.31 0.00 0.32
024 0.13 0.23 0.00 0.07 0.11 0.11 0.00 0.12 0.20 0.00 0.00 0.00
025 0.08 0.13 0.22 0.00 0.00 0.00 0.00 0.00 0.13 0.13 0.00 0.00
027 0.40 0.58 0.43 0.38 0.36 0.28 0.00 0.52 0.40 0.46 0.09 0.34
028 0.28 0.29 0.00 0.31 0.12 0.22 0.00 0.38 0.00 0.42 0.00 0.33
030 0.14 0.18 0.00 0.23 0.12 0.00 0.00 0.13 0.00 0.31 0.00 0.11
032 0.07 0.19 0.20 0.08 0.00 0.13 0.00 0.00 0.24 0.12 0.00 0.13
033 0.07 0.13 0.20 0.08 0.13 0.00 0.00 0.00 0.12 0.00 0.00 0.00
035 0.07 0.19 0.20 0.08 0.00 0.13 0.00 0.00 0.35 0.12 0.00 0.13
037 0.33 0.44 0.00 0.24 0.08 0.16 0.00 0.43 0.00 0.31 0.00 0.32
038 0.37 0.54 0.23 0.45 0.32 0.19 0.09 0.33 0.06 0.48 0.00 0.31
Mean 0.26 0.30 0.19 0.28 0.21 0.22 0.03 0.23 0.22 0.23 0.14 0.25
S.D. 0.19 0.17 0.15 0.21 0.19 0.21 0.07 0.22 0.18 0.19 0.21 0.23
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Table 7 - continued
Dolphin 001 - 013
Cat. # 001 002 003 005 006 007 008 009 010 011 012 013
039 0.06 0.28 0.14 0.07 0.21 0.10 0.00 0.00 0.29 0.00 0.00 0.00
040 0.39 0.49 0.00 0.36 0.00 0.24 0.00 0.43 0.00 0.54 0.00 0.16
041 0.07 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00
042 0.39 0.44 0.00 0.48 0.00 0.24 0.00 0.26 0.00 0.62 0.00 0.32
043 0.21 0.12 0.18 0.08 0.13 0.00 0.29 0.13 0.00 0.11 0.00 0.12
045 0.33 0.34 0.15 0.37 0.22 0.42 0.00 0.35 0.10 0.30 0.00 0.42
047 0.19 0.33 0.00 0.36 0.00 0.10 0.00 0.33 0.00 0.48 0.00 0.20
048 0.15 0.11 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.13
051 0.08 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00
053 0.13 0.23 0.15 0.00 0.00 0.00 0.00 0.00 0.10 0.10 0.00 0.00
056 0.00 0.13 0.22 0.09 0.14 0.00 0.00 0.00 0.25 0.00 0.00 0.00
057 0.07 0.13 0.20 0.17 0.13 0.00 0.00 0.00 0.12 0.12 0.00 0.13
062 0.07 0.19 0.40 0.17 0.13 0.13 0.00 0.00 0.24 0.12 0.00 0.13
064 0.08 0.13 0.22 0.00 0.00 0.00 0.00 0.00 0.13 0.13 0.00 0.00
065 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00
068 0.00 0.13 0.22 0.09 0.14 0.00 0.00 0.00 0.13 0.00 0.00 0.00
070 0.08 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
071 0.08 0.13 0.44 0.09 0.14 0.00 0.00 0.00 0.25 0.13 0.00 0.00
072 0.07 0.12 0.18 0.08 0.13 0.00 0.00 0.00 0.11 0.00 0.00 0.00
Mean 0.26 0.30 0.19 0.28 0.21 0.22 0.03 0.23 0.22 0.23 0.14 0.25
S.D. 0.19 0.17 0.15 0.21 0.19 0.21 0.07 0.22 0.18 0.19 0.21 0.23
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Table 7 - continued
Dolphin 014 - 027
Cat. # 014 015 016 017 019 020 021 022 023 024 025 027
001 0.58 0.38 0.46 0.57 0.26 0.31 0.47 0.29 0.28 0.13 0.08 0.40
002 0.56 0.51 0.45 0.55 0.28 0.22 0.54 0.31 0.40 0.23 0.13 0.58
003 0.21 0.32 0.09 0.24 0.14 0.53 0.23 0.24 0.43 0.00 0.22 0.43
005 0.52 0.46 0.50 0.62 0.29 0.34 0.55 0.45 0.25 0.07 0.00 0.38
006 0.48 0.33 0.37 0.47 0.32 0.60 0.52 0.45 0.08 0.11 0.00 0.36
007 0.47 0.45 0.57 0.52 0.20 0.19 0.38 0.43 0.24 0.11 0.00 0.28
008 0.00 0.00 0.00 0.10 0.20 0.00 0.18 0.00 0.00 0.00 0.00 0.00
009 0.48 0.48 0.69 0.55 0.33 0.32 0.53 0.38 0.61 0.12 0.00 0.52
010 0.44 0.56 0.41 0.44 0.00 0.45 0.30 0.50 0.08 0.20 0.13 0.40
011 0.40 0.25 0.34 0.50 0.29 0.27 0.48 0.33 0.31 0.00 0.13 0.46
012 0.48 0.48 0.55 0.40 0.00 0.67 0.31 0.59 0.00 0.00 0.00 0.09
013 0.59 0.52 0.50 0.71 0.20 0.48 0.50 0.52 0.32 0.00 0.00 0.34
014 0.62 0.48 0.62 0.28 0.40 0.60 0.44 0.41 0.07 0.08 0.43
015 0.62 0.61 0.44 0.00 0.31 0.38 0.43 0.40 0.25 0.20 0.47
016 0.48 0.61 0.67 0.36 0.35 0.53 0.40 0.37 0.10 0.00 0.32
017 0.62 0.44 0.67 0.32 0.46 0.70 0.57 0.33 0.00 0.00 0.41
019 0.28 0.00 0.36 0.32 0.00 0.38 0.12 0.42 0.00 0.00 0.17
020 0.40 0.31 0.35 0.46 0.00 0.44 0.56 0.00 0.00 0.00 0.25
021 0.60 0.38 0.53 0.70 0.38 0.44 0.41 0.39 0.00 0.00 0.34
022 0.44 0.43 0.40 0.57 0.12 0.56 0.41 0.09 0.00 0.00 0.38
023 0.41 0.40 0.37 0.33 0.42 0.00 0.39 0.09 0.22 0.14 0.36
024 0.07 0.25 0.10 0.00 0.00 0.00 0.00 0.00 0.22 0.25 0.18
025 0.08 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.25 0.11
027 0.43 0.47 0.32 0.41 0.17 0.25 0.34 0.38 0.36 0.18 0.11
028 0.30 0.09 0.30 0.43 0.50 0.00 0.33 0.27 0.47 0.00 0.00 0.19
030 0.22 0.17 0.10 0.17 0.33 0.00 0.42 0.13 0.24 0.00 0.00 0.00
032 0.16 0.10 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.22 0.40 0.11
033 0.08 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.00 0.11
035 0.16 0.10 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.21
037 0.41 0.20 0.37 0.40 0.42 0.00 0.32 0.27 0.50 0.00 0.00 0.36
038 0.50 0.32 0.29 0.49 0.31 0.15 0.63 0.13 0.45 0.08 0.00 0.40
Mean 0.29 0.26 0.24 0.28 0.16 0.15 0.26 0.20 0.22 0.14 0.12 0.25
S.D. 0.20 0.18 0.23 0.24 0.16 0.21 0.22 0.20 0.18 0.15 0.20 0.15
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Table 7 - continued
Dolphin 014 - 027
Cat. # 014 015 016 017 019 020 021 022 023 024 025 027
039 0.07 0.24 0.09 0.00 0.14 0.00 0.08 0.00 0.21 0.77 0.22 0.26
040 0.41 0.27 0.37 0.40 0.42 0.00 0.45 0.18 0.50 0.00 0.00 0.17
041 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36
042 0.41 0.40 0.30 0.33 0.21 0.00 0.39 0.36 0.42 0.00 0.00 0.11
043 0.08 0.09 0.00 0.18 0.00 0.17 0.17 0.00 0.13 0.00 0.00 0.29
045 0.36 0.25 0.29 0.33 0.31 0.00 0.24 0.13 0.33 0.17 0.00 0.30
047 0.28 0.24 0.36 0.40 0.29 0.00 0.38 0.12 0.56 0.00 0.00 0.36
048 0.08 0.00 0.00 0.10 0.20 0.00 0.09 0.15 0.13 0.00 0.00 0.17
051 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
053 0.21 0.17 0.10 0.08 0.00 0.00 0.08 0.13 0.00 0.00 0.25 0.00
056 0.08 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.18
057 0.16 0.10 0.00 0.10 0.20 0.00 0.09 0.15 0.13 0.22 0.00 0.22
062 0.24 0.19 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.22 0.40 0.11
064 0.08 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.25 1.00 0.21
065 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.22 0.40 0.11
068 0.08 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.50 0.50 0.11
070 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00
071 0.17 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.50 0.22
072 0.08 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.60 0.33 0.10
Mean 0.29 0.26 0.24 0.28 0.16 0.15 0.26 0.20 0.22 0.14 0.12 0.25
S.D. 0.20 0.18 0.23 0.24 0.16 0.21 0.22 0.20 0.18 0.15 0.20 0.15
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Table 7 - continued
Dolphins 028 - 043
Cat. # 028 030 032 033 035 037 038 039 040 041 042 043
001 0.28 0.14 0.07 0.07 0.07 0.33 0.37 0.06 0.39 0.07 0.39 0.21
002 0.29 0.18 0.19 0.13 0.19 0.44 0.54 0.28 0.49 0.00 0.36 0.00
003 0.00 0.00 0.20 0.20 0.20 0.00 0.23 0.14 0.13 0.00 0.00 0.00
005 0.31 0.23 0.08 0.08 0.08 0.24 0.45 0.07 0.44 0.00 0.48 0.00
006 0.12 0.12 0.00 0.13 0.00 0.08 0.32 0.21 0.12 0.18 0.08 0.13
007 0.22 0.00 0.13 0.00 0.13 0.16 0.19 0.10 0.24 0.00 0.24 0.00
008 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.29
009 0.38 0.13 0.00 0.00 0.00 0.43 0.33 0.00 0.43 0.00 0.26 0.13
010 0.00 0.00 0.24 0.12 0.35 0.00 0.06 0.29 0.00 0.12 0.00 0.00
011 0.42 0.31 0.12 0.00 0.12 0.31 0.48 0.00 0.54 0.00 0.62 0.11
012 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
013 0.33 0.11 0.13 0.00 0.13 0.32 0.31 0.00 0.16 0.00 0.32 0.12
014 0.30 0.22 0.16 0.08 0.16 0.41 0.50 0.07 0.41 0.00 0.41 0.08
015 0.09 0.17 0.10 0.10 0.10 0.20 0.32 0.24 0.27 0.00 0.40 0.09
016 0.30 0.10 0.00 0.00 0.00 0.37 0.29 0.09 0.37 0.00 0.30 0.00
017 0.43 0.17 0.10 0.00 0.10 0.40 0.49 0.00 0.40 0.00 0.33 0.18
019 0.50 0.33 0.00 0.00 0.00 0.42 0.31 0.14 0.42 0.00 0.21 0.00
020 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.17
021 0.33 0.42 0.00 0.00 0.00 0.32 0.63 0.08 0.45 0.00 0.39 0.17
022 0.27 0.13 0.00 0.00 0.00 0.27 0.13 0.00 0.18 0.00 0.36 0.00
023 0.47 0.24 0.00 0.00 0.00 0.50 0.45 0.21 0.50 0.00 0.42 0.13
024 0.00 0.00 0.22 0.67 0.00 0.00 0.08 0.77 0.00 0.00 0.00 0.00
025 0.00 0.00 0.40 0.00 0.40 0.00 0.00 0.22 0.00 0.00 0.00 0.00
027 0.19 0.00 0.11 0.11 0.21 0.36 0.40 0.26 0.17 0.36 0.11 0.29
028 0.40 0.00 0.00 0.00 0.59 0.42 0.00 0.47 0.00 0.35 0.00
030 0.40 0.00 0.00 0.00 0.35 0.42 0.17 0.35 0.00 0.00 0.00
032 0.00 0.00 0.67 0.67 0.00 0.00 0.20 0.00 0.00 0.00 0.00
033 0.00 0.00 0.67 0.00 0.00 0.09 0.60 0.00 0.00 0.00 0.00
035 0.00 0.00 0.67 0.00 0.00 0.00 0.20 0.00 0.67 0.00 0.00
037 0.59 0.35 0.00 0.00 0.00 0.45 0.00 0.67 0.13 0.42 0.13
038 0.42 0.42 0.00 0.09 0.00 0.45 0.15 0.52 0.00 0.52 0.26
Mean 0.17 0.11 0.12 0.13 0.13 0.20 0.24 0.17 0.21 0.07 0.19 0.07
S.D. 0.19 0.15 0.19 0.22 0.18 0.21 0.19 0.18 0.22 0.15 0.21 0.09
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Table 7 - continued
Dolphin 028 - 043
Cat. # 028 030 032 033 035 037 038 039 040 041 042 043
039 0.00 0.17 0.20 0.60 0.20 0.00 0.15 0.00 0.20 0.00 0.00
040 0.47 0.35 0.00 0.00 0.00 0.67 0.52 0.00 0.13 0.67 0.13
041 0.00 0.00 0.00 0.00 0.67 0.13 0.00 0.20 0.13 0.00 0.00
042 0.35 0.00 0.00 0.00 0.00 0.42 0.52 0.00 0.67 0.00 0.13
043 0.00 0.00 0.00 0.00 0.00 0.13 0.26 0.00 0.13 0.00 0.13
045 0.36 0.50 0.00 0.22 0.00 0.33 0.40 0.15 0.44 0.00 0.44 0.20
047 0.50 0.25 0.00 0.00 0.00 0.42 0.46 0.00 0.42 0.00 0.42 0.00
048 0.25 0.00 0.00 0.00 0.00 0.27 0.09 0.00 0.26 0.33 0.13 0.00
051 0.00 0.18 0.00 0.00 0.40 0.00 0.00 0.22 0.00 0.40 0.00 0.00
053 0.00 0.00 0.22 0.00 0.22 0.56 0.16 0.00 0.22 0.22 0.22 0.00
056 0.00 0.00 0.00 0.40 0.40 0.00 0.10 0.44 0.00 0.40 0.00 0.00
057 0.00 0.00 0.00 0.33 0.00 0.00 0.27 0.20 0.13 0.00 0.26 0.00
062 0.00 0.00 0.67 0.33 0.33 0.00 0.09 0.20 0.00 0.00 0.00 0.00
064 0.00 0.00 0.40 0.00 0.40 0.00 0.00 0.22 0.00 0.00 0.00 0.00
065 0.00 0.00 0.00 0.00 0.33 0.00 0.00 0.40 0.00 0.33 0.00 0.00
068 0.00 0.00 0.00 0.40 0.00 0.00 0.10 0.44 0.00 0.00 0.00 0.00
070 0.00 0.00 0.40 0.80 0.00 0.00 0.00 0.44 0.00 0.00 0.00 0.00
071 0.00 0.00 0.40 0.40 0.40 0.00 0.10 0.22 0.00 0.00 0.00 0.00
072 0.00 0.00 0.00 0.57 0.00 0.00 0.09 0.55 0.00 0.00 0.00 0.00
Mean 0.17 0.11 0.12 0.13 0.13 0.20 0.24 0.17 0.21 0.07 0.19 0.07
S.D. 0.19 0.15 0.19 0.22 0.18 0.21 0.19 0.18 0.22 0.15 0.21 0.09
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Table 7 - continued
Dolphins 045 - 072
Cat. # 045 047 048 051 053 056 057 062 064 065 068 070 071
001 0.33 0.19 0.15 0.08 0.13 0.00 0.07 0.07 0.08 0.00 0.00 0.08 0.08
002 0.34 0.33 0.11 0.06 0.23 0.13 0.13 0.19 0.13 0.13 0.13 0.06 0.13
003 0.15 0.00 0.00 0.00 0.15 0.22 0.20 0.40 0.22 0.00 0.22 0.00 0.44
005 0.37 0.36 0.08 0.00 0.00 0.09 0.17 0.17 0.00 0.00 0.09 0.00 0.09
006 0.22 0.00 0.00 0.00 0.00 0.14 0.13 0.13 0.00 0.00 0.14 0.00 0.14
007 0.42 0.10 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00
008 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
009 0.35 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
010 0.10 0.00 0.00 0.13 0.10 0.25 0.12 0.24 0.13 0.12 0.13 0.00 0.25
011 0.30 0.48 0.12 0.00 0.10 0.00 0.12 0.12 0.13 0.00 0.00 0.00 0.13
012 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
013 0.42 0.20 0.13 0.00 0.00 0.00 0.13 0.13 0.00 0.00 0.00 0.00 0.00
014 0.36 0.28 0.08 0.00 0.21 0.08 0.16 0.24 0.08 0.00 0.08 0.00 0.17
015 0.25 0.24 0.00 0.00 0.17 0.10 0.10 0.19 0.20 0.10 0.20 0.00 0.20
016 0.29 0.36 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
017 0.33 0.40 0.10 0.00 0.08 0.00 0.10 0.10 0.00 0.00 0.00 0.00 0.00
019 0.31 0.29 0.20 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00
020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
021 0.24 0.38 0.09 0.00 0.08 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00
022 0.13 0.12 0.15 0.00 0.13 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00
023 0.33 0.56 0.13 0.00 0.00 0.00 0.13 0.00 0.14 0.13 0.14 0.00 0.00
024 0.17 0.00 0.00 0.00 0.00 0.25 0.22 0.22 0.25 0.22 0.50 0.50 0.25
025 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.40 1.00 0.40 0.50 0.00 0.50
027 0.30 0.36 0.17 0.00 0.00 0.18 0.22 0.11 0.21 0.11 0.11 0.00 0.22
028 0.36 0.50 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
030 0.50 0.25 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
032 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.67 0.40 0.00 0.00 0.40 0.40
033 0.22 0.00 0.00 0.00 0.00 0.40 0.33 0.33 0.00 0.00 0.40 0.80 0.40
035 0.00 0.00 0.00 0.40 0.22 0.40 0.00 0.33 0.40 0.33 0.00 0.00 0.40
037 0.33 0.42 0.27 0.00 0.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
038 0.40 0.46 0.09 0.00 0.16 0.10 0.27 0.09 0.00 0.00 0.10 0.00 0.10
Mean 0.21 0.17 0.07 0.05 0.09 0.13 0.13 0.15 0.12 0.09 0.13 0.05 0.15
S.D. 0.15 0.18 0.10 0.12 0.12 0.18 0.13 0.19 0.20 0.16 0.19 0.16 0.19
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Table 7 - continued
Dolphin 045 - 072
Cat.
#
045 047 048 051 053 056 057 062 064 065 068 070 071
039 0.15 0.00 0.00 0.22 0.00 0.44 0.20 0.20 0.22 0.40 0.44 0.44 0.22
040 0.44 0.42 0.26 0.00 0.22 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00
041 0.00 0.00 0.33 0.40 0.22 0.40 0.00 0.00 0.00 0.33 0.00 0.00 0.00
042 0.44 0.42 0.13 0.00 0.22 0.00 0.26 0.00 0.00 0.00 0.00 0.00 0.00
043 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
045 0.15 0.00 0.00 0.00 0.25 0.22 0.22 0.00 0.00 0.25 0.00 0.25
047 0.15 0.20 0.00 0.15 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00
048 0.00 0.20 0.00 0.22 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00
051 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.40 0.00 0.00 0.00
053 0.00 0.15 0.22 0.00 0.00 0.00 0.22 0.25 0.00 0.00 0.00 0.25
056 0.25 0.00 0.00 0.50 0.00 0.40 0.40 0.00 0.40 0.50 0.00 0.50
057 0.22 0.20 0.33 0.00 0.00 0.40 0.33 0.00 0.00 0.40 0.00 0.40
062 0.22 0.00 0.00 0.00 0.22 0.40 0.33 0.40 0.00 0.40 0.00 0.80
064 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.40 0.40 0.50 0.00 0.50
065 0.00 0.00 0.00 0.40 0.00 0.40 0.00 0.00 0.40 0.40 0.00 0.00
068 0.25 0.00 0.00 0.00 0.00 0.50 0.40 0.40 0.50 0.40 0.00 0.25
070 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
071 0.25 0.00 0.00 0.00 0.25 0.50 0.40 0.80 0.50 0.00 0.25 0.00
072 0.20 0.00 0.00 0.00 0.00 0.33 0.29 0.29 0.33 0.57 0.67 0.33 0.33
Mean 0.21 0.17 0.07 0.05 0.09 0.13 0.13 0.15 0.12 0.09 0.13 0.05 0.15
S.D. 0.15 0.18 0.10 0.12 0.12 0.18 0.13 0.19 0.20 0.16 0.19 0.16 0.19
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Table 8 - Summary of “reciprocal” associations of significance between pairs of 50
Pacific coastal bottlenose dolphins photo-identified in Monterey Bay between October
1990 and November 1993. Dolphins are identified by catalog numbers. Resident dolphins
are identified by *.
Resident Dolphins
# 001 # 002 # 005 # 006 # 009
002*
005*
007
011
013*
014*
017*
001*
005*
007
014*
015*
017*
021
027
040
001*
002*
007
011
013*
014*
016*
017*
021
003
012
020
021
022
007
013*
015*
016*
017*
021
023
027
# 010 #011 # 013 # 014 # 015
007
012
013*
015*
020
027
001*
005*
021
027
028
040
042
047
001*
005*
007
009*
010*
012
014*
015*
017*
020
021
022
001*
002*
005*
013*
015*
021
002*
007
009*
010*
012
013*
014*
016*
027
# 016 # 017 #027
005*
007
009*
015*
017*
021
001*
002*
005*
007
009*
013*
014*
016*
021
022
002*
003
009*
010*
011
015*
Transient Dolphins
# 003 # 007 # 008 #012
006
020
023
027
062
070
071
001*
002*
005*
009*
010*
013*
015*
016*
017*
022
043 006
010*
013*
015*
020
022
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Table 8 - continued
Transient Dolphins
# 019 # 020 # 021 # 022 # 023 #024
023
028
030
037
003
006
010*
012
013*
022
002*
005*
006
009*
011
013*
014*
016*
017*
006
007
012
013*
017*
020 003
009*
019
028
037
040
042
047
033
039
068
072
# 025 #028 #030 #032 #033 #035
032
035
062
064
065
068
070
071
072
011
019
023
037
040
045
047
019
045
025
062
064
070
071
024
035
039
051
056
068
070
071
072
025
033
041
056
064
065
071
#037 #038 #039 #040 #041 #042 #043 #045 # 047
019
023
028
040
042
047
053
040
042
047
024
033
056
065
068
070
072
002*
011
023
028
037
038
042
045
035
048
051
053
056
065
011
023
037
038
040
045
047
008 028
030
040
042
011
023
028
037
038
042
053
#/048 #051 #053 # 056 #057 #062 #064
041
057
033
041
056
065
037
041
047
057
033
035
039
041
051
062
065
068
071
072
068
071
048
053
003
025
032
056
064
068
071
025
032
035
062
065
068
071
072
#065 #068 # 070 #071 #072
025
035
039
041
051
056
064
068
072
024
025
033
039
056
057
062
064
065
003
025
032
033
039
072 003
025
032
033
035
056
057
062
064
024
025
033
039
056
064
065
068
070
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Fig. 1 - The study area, located within Monterey Bay, California, from Marina to New
Brighton State Beach, covered approximately 34.8 km of coast and 1 km offshore. It was
sub-divided into two legs; leg a: from Moss Landing jetty to New Brighton Beach (21.5
km2), and leg b: from Moss Landing harbor to Marina (13.3 km2).
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77
Fig. 5 - Location of Pacific coastal bottlenose dolphin sightings and direction of
movement in Monterey Bay between 1990 and 1993. All sightings occurred between
0600h and 1500h.
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Fig. 4 - Frequency of occurrence of dolphin sightings in 3 nautical mile long stretches of
coast in Monterey Bay. Area 1 = Marina to Monterey Dunes, Area 2 = Monterey Dunes to
Moss Landing, Area 3 = Moss Landing to the Pajaro river mouth, Area 4 = Pajaro River
mouth to Sunset Beach, Area 5 = Sunset Beach to La Selva Beach, Area 6 = La Selva
Beach to New Brighton Beach,.
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Fig. 5 - Frequency of occurrence of school size (n = 68) categories observed between
October 1990 and November 1993 in Monterey Bay, California.
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Fig. 6 - Yearly school size variability of Pacific coastal bottlenose dolphins in Monterey
Bay between October 1990 and November 1993. The median and relative inter-quartile
range (IQR) were chosen to best represent the spread of the school size data .
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Fig. 7 - Cumulative frequency of marked individuals photo-identified in Monterey Bay
between 1990 and 1993. Number of photo-identified dolphins continued to increase
throughout the study.
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Fig. 8 - Summary of geographical areas where bottlenose dolphins photographed in
Monterey were seen between 1981 and 1993. SD = San Diego, OC = Orange County, SB
= Santa Barbara, MB = Monterey Bay, EN = Ensenada, Mexico. The black square in the
first bar represents two dolphins which were sighted in Ensenada, Mexico.
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Fig. 9 - Distibution of association coefficients for all bottlenose dolphins photographed in
Monterey Bay during multiple months between 1990 and 1993.
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Fig. 10 - Number of association versus number of “significant” associations (expressed as
a percent) an individual was engaged in between 1990 and 1993.
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Fig. 11 - Frequency of occurrence of “reciprocal” associations among photo identified
bottlenose dolphins in Monterey Bay between 1990 and 1993.
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Appendix A - Sightings of bottlenose dolphins along the central California coast between
1983 and 1988 (from Wells et al. 1990).
# Date Time Location Adults/Calves
1983
1 May 18 0854 Shell Beach 3/0
2 Jun 8 0953 Cayucos Pier 6/0
3 Jun 18 1022 San Simeon Cove 5/0
4 Sep 18 - 27.8 km W of Cypress Pt. 30/0
5 Oct 25 0750 7.4 km N of Point Sur 8/0
6 Oct 27 1600 Moss Landing 6/0
7 Oct 29 1700 West Cliff, Santa Cruz 9/1
8 Oct 31 1030 Carmel Beach 3/1
9 Nov 3 1030 Terrace Pt., Santa Cruz 6/1
10 Nov 4 1125 West Cliff, Santa Cruz 8-9/1
11 Nov 7 1425 Cow Beach, Santa Cruz 3/0
12 Nov 9 0900 Pajaro Dunes 9-10/0
13 Nov 9 - Monterey State Beach 5/0
14 Nov 11 - Monterey State Beach 5/0
15 Nov 15 1635 Terrace Pt., Santa Cruz 2/0
16 Nov 16 1100 Monterey State Beach 2/0
17 Nov 18 0945 Moss Landing 3-5/0
18 Nov 20 1000 West Cliff, Santa Cruz 7-9/1
19 Nov 30 0955 Pescadero Pt. 5/0
20 Dec 23 - Monterey State Beach 2/0
21 Dec 30 - Monterey State Beach 2/0
1984
22 Jan 5 1300 Moss Landing 7/0
23 Jan 7 0700 Cannery Row, Monterey 25-50/0
24 Jan 12 1330 Pacific Valley 25-40/0
25 May 24 1112 Waddell Creek 5/0
26 Jun 9 0715 Wilder Beach, Santa Cruz 8/0
27 Aug 22 0840 Pajaro Dunes 6/0
28 Sep 19 1020 Sand Hill, Santa Cruz 9/0
29 Nov 22 0745 Pt. Conception 3/0
30 Dec 24 1152 16.7 km of Piedras Blancas 10/2
1985
31 Jan 1 - Big Sur River mouth 10-15/0
32 Jan 2 0930 Pt. Piedras Blancas 8/0
33 Jan 3 1700 Terrace Pt., Santa Cruz 3-5/0
34 Sep 27 1300 Morro Bay 4
1986
35 Dec 6 0630 Monterey State Beach 3-5/0
1987
36 Jan 1 - 0.9 km S of Big Sur River 12-15/0
37 Mar 27 - Pt. Sal 11
38 Mar 27 - Pt. Sal 8
39 Mar 28 - Pt. Sal 12
40 Mar 29 - Pt. Sal 7
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continue Appendix A
# Date Time Location Adults/Calves
1987
41 May 21 - Pt. Sal 9/0
42 Oct 30 - 14.8 km W of Pt. Pinos 1/0
43 Nov 8 - Pt. Piedras Blancas 10/0
44 Nov 17 - W of Cayucos 15/0
45 Dec 29 - Carmel River State Beach 12/3
1988
46 Jan 2 1400 N of Carmel Point 12/3
47 Jan 29 1000 Pt. Lobos Reserve 11-12/0
48 Jan 29 - Moss Landing 8/1
49 Feb 3 0900 Monterey State Beach 8/0
50 Feb 3 1345 Moss Landing 7-10/0
51 Feb 11 1600 Marina State Beach 5/0
52 Feb 17 1430 Moss Landing 4/0
53 Feb 20 1400 N of Pajaro River mouth 9/0
54 Feb 24 - Monterey State Beach 13/3
55 Feb 24 1433 Ft. Ord 8/0
56 Apr 2 - Seacliff Beach, Aptos 10/1
57 Apr 7 - Seacliff Beach, Aptos 18/3
58 Apr 9 - Seacliff Beach, Aptos 24-26/2
59 Apr 10 - Seacliff Beach, Aptos 24-26/2
60 Apr 11 - Seacliff Beach, Aptos 24/26/2
61 Apr 11 1600 Seacliff Beach, Aptos 15/2
62 Apr 15 0843 Seacliff Beach, Aptos 8-9/2
63 Apr 17 1830 Seacliff Beach, Aptos 10+
64 Apr 23 0900 Pajaro Dunes 8-10/1
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Appendix B - Sightings of bottlenose dolphins in Monterey Bay between 1990 and 1993.
# Date Time Location # Dolphins
1991
1 21 Jan Monterey Beach Hotel 9
2 6 Jul 1440 La Selva beach 6
3 6 Jul 1436 Seascape 3
4 9 Jul 1030 Marina 3
5 29 Aug 1028 9
6 1 Sep 1000 Marina 3
7 2 Sep 1035 4
8 5 Sep 1130 Manresa Beach 12
9 7 Sep 1500 Manresa Beach 8
10 7 Sep 1700 Manresa Beach 1
11 10 Sep 0905 Manresa Beach 6
12 15 Sep 1330 Salinas River 10
13 16 Sep 1030 Pajaro Dunes 5
14 18 Sep 0815 Manresa Beach 15
15 20 Sep 0945 Manresa Beach 5
16 20 Sep 1030 Sunset Beach 9
17 21 Sep 0812 Sunset Beach 11
18 22 Sep Manresa Beach 6
19 24 Sep 1400 Manresa Beach 1
20 26 Sep 1214 Sunset Beach 4
21 30 Oct 0945 Marina 8
22 9 Nov 1015 Manresa 10
23 16 Nov 1030 La Selva 4
24 16 Nov 1445 Rio del Mar 25
25 21 Nov 0945 La Selva 7
26 22 Nov 1230 Moss Landing 5
1992
27 8 Jan 1030 Moss Landing 8
28 9 Jan 0800 Rio del Mar 10
29 14 Jan 1100 Zmudowski 10
30 1 Feb 1747 Rio del Mar 2
31 4 Feb 0730 Rio del Mar 4
32 9 Feb 0730 Pacific Grove 20
33 9 Feb 0800 Stillwater Cove 4
34 9 Feb 0900 Pacific Grove 6
35 10 Feb 1100 Jetty 6
36 18 Feb 0730 Rio del Mar 15
37 18 Feb 1000 Pacific Grove 18
38 19 Feb 1130 Pacific Grove
39 21 Feb 1400 Marina 15
40 25 Feb 0800 Rio del Mar 11
41 25 Feb 1000 Marina 20
42 7 Mar 0848 Rio del Mar 6
43 7 Mar 1600 Davenport 30
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Appendix B - continued
# Date Time Location # Dolphins
1992
44 7 Mar 1630 Santa Cruz 8
45 18 Mar 0800 Moss Landing 11
46 18 Mar 0900 Moss Landing 20
47 18 Mar 1043 Moss Landing 5
48 19 Mar 1100 Moss Landing 25
49 20 Mar 0800 Rio del Mar 4
50 21 Mar 1630 Santa Cruz 8
51 21 Mar 1655 Capitola 10
52 24 Mar 0659 Rio del Mar 20
53 25 Mar 1230 Santa Cruz 17
54 26 Mar 1030 Moss Landing 6
55 26 Mar 1345 Santa Cruz 12
56 27 Mar 1345 Seacliff 3
57 29 Mar 1600 Santa Cruz 10
58 30 Mar 1000 Monterey Beach Hotel 15
59 31 Mar 1100 Moss Landing 15
60 31 Mar 1600 Pleasure Point 10
61 2 Apr 1400 Rio del Mar 7
62 3 Apr 0810 Moss Landing 8
63 4 Apr 1150 Moss Landing 1
64 6 Apr 0700 Rio del Mar 12
65 7 Apr 1215 Pacific Grove 10
66 7 Apr 1430 Garrapata 11
67 8 Apr 1215 Sunset Beach 5
68 11 Apr 1100 Monterey 14
69 11 Apr 1812 Marina 4
70 12 Apr 1330 Moss Landing 100
71 14 Apr 1030 Santa Cruz - 38th Street 5
72 16 Apr 0800 New Brighton 9
73 16 Apr 0930 Moss Landing 25
74 22 Apr 1330 New Brighton 7
75 23 Apr 0900 New Brighton Beach 9
76 24 Apr 0730 New Brighton Beach 8
77 24 Apr 1120 Santa Cruz - 20th Street
78 24 Apr 1230 Capitola 20
79 24 Apr 1345 New Brighton Beach 8
80 25 Apr 0700 Rio del Mar 12
81 25 Mar 0730 New Brighton Beach 6
82 25 Mar 1900 Rio del Mar 24
83 27 Mar 1430 Marina 12
84 28 Mar 1427 New Brighton Beach 2
85 28 Mar 1630 Santa Cruz - 16th and 17th 12
86 28 Mar 1427 New Brighton Beach 2
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Appendix B - continued
# Date Time Location # Dolphins
1992
87 7 Mar 1630 Santa Cruz 8
45 18 Mar 0800 Moss Landing 11
46 18 Mar 0900 Moss Landing 20
47 18 Mar 1043 Moss Landing 5
48 19 Mar 1100 Moss Landing 25
49 20 Mar 0800 Rio del Mar 4
50 21 Mar 1630 Santa Cruz 8
51 21 Mar 1655 Capitola 10
52 24 Mar 0659 Rio del Mar 20
53 25 Mar 1230 Santa Cruz 17
54 26 Mar 1030 Moss Landing 6
55 26 Mar 1345 Santa Cruz 12
56 27 Mar 1345 Seacliff 3
57 29 Mar 1600 Santa Cruz 10
58 30 Mar 1000 Monterey Beach Hotel 15
59 31 Mar 1100 Moss Landing 15
60 31 Mar 1600 Pleasure Point 10
61 2 Apr 1400 Rio del Mar 7
62 3 Apr 0810 Moss Landing 8
63 4 Apr 1150 Moss Landing 1
64 6 Apr 0700 Rio del Mar 12
22 7 Apr 1215 Pacific Grove 10
23 7 Apr 1430 Garrapata 11
24 8 Apr 1215 Sunset Beach 5
25 11 Apr 1100 Monterey 14
26 11 Apr 1812 Marina 4
27 12 Apr 1330 Moss Landing 100
28 14 Apr 1030 Santa Cruz - 38th Street 5
29 16 Apr 0800 New Brighton 9
30 16 Apr 0930 Moss Landing 25
31 22 Apr 1330 New Brighton 7
32 23 Apr 0900 New Brighton Beach 9
33 24 Apr 0730 New Brighton Beach 8
34 24 Apr 1120 Santa Cruz - 20th Street
35 24 Apr 1230 Capitola 20
36 24 Apr 1345 New Brighton Beach 8
37 25 Apr 0700 Rio del Mar 12
38 25 Mar 0730 New Brighton Beach 6
39 25 Mar 1900 Rio del Mar 24
40 27 Mar 1430 Marina 12
41 28 Mar 1427 New Brighton Beach 2
42 28 Mar 1630 Santa Cruz - 16th and 17th 12
43 28 Mar 1427 New Brighton Beach 2
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Appendix C - Sightings of bottlenose dolphins in the San Francisco Bay area between
1988 and 1993 (Szczepaniack unpubl. data).
# Date Time Location # Dolphins
1988
1 Dec 2 - Rockaway Beach 11
2 Dec 3 - San Pedro Bay 11
1989
3 Nov 10 - San Pedro Bay 8
4 Dec 16 - Pidgeon Point 20
5 Dec 18 - Pomponio Beach 25
1990
6 Jan 5 - San Pedro Bay 7
7 Jan 20 - San Gregorio Beach 20
8 Jan 20 - San Pedro Bay 8
9 Jan 21 - San Pedro Bay 6
10 Mar 29 - San Pedro Bay 6
11 Apr 9 - Sharp Park Beach 6
12 Apr - San Pedro Bay -
13 Jun 14 - Mussel Rock 15
1992
14 Feb - San Pedro Bay -
15 Mar 5 - San Pedro Bay 6
1993
16 Jan 12 - San Pedro Bay 6
17 Jan 13 - San Pedro Bay 6
18 Feb 2 Montara 4
19 Mar 15 - San Pedro Bay -
20 Mar 20 - San Pedro Bay 5
21 Mar 21 - San Pedro Bay 12
22 May 16 - Half Moon Bay 18+
23 May 17 - Sharp Park Beach -
24 May 18 - San Pedro Bay 30-50
25 May 19 - Sharp Park Beach 18-20
